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Introduction

The AEE-5 Fuel and Energy Work Plan was established to promote
and impl ement conclusions and recommendations from the report
DY FARXEMVBEZ/29, The Impact of Petroleum, Synthetic_- and
Crypeggenic Fuels on Civil Aviation, June 1982. (Copies of that
report are now avallable only through the NTIS, Springfield, VA
22n6l). This report is expected to update the Dmpact report in
many respects, particularly considering fuel prices and markets.
The Impact report discussed some subjects largely from the
resource and technical viewpoints. In energy affairs, economics
and politics often dominate; this report pays more attention to
those matters.

In preparing for the Impact report it was found that oil and gas
will govern the world energy market for several decades and that
an exhaustive accounting of alternative fuels was not justified.
Volume 1l of Impact was therefore not written. Now, with the
entire energy picture believed in better focus, more attention

has been given to alternative fuels and energy sources in this
report, to complete their coverage.

This report’'s cover illustrates perhaps the most important
finding of the study to date. Even in a time of oil glut, the
world remains perilously close to another 10®% price rise. The
author believes the U.S. can alter that unfavorable balance.

This AEE-5 program is expected to be concluded at the end of
March, 1984. At that time, a brief windup report will be written

to account for later events and, possibly, to further improve
perspective.
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CHAPTER 1
SUMMARY

World and U.S. Erergy

World oil should remain generally available for at least thirty
to fifty years. Real oil prices should continue to fall until
198%, when recovering U.S. and world economy may demand enough
energy to stimulate a moderately sustained price rise. This rise
could be delayed by stimulating U.S. production of natural gas or
enhanced oil recovery. Without enhanced U.S. production, real
prices of world oil in 19968 should still be lower than in 1980.

The U.S. is the single largest producer and user of energy in the
world. With its reserves of oil, shale, particularly coal,
natural gas and peat, as the price of world oil rises, the U.S.
should continue to produce a large percentage of its energy
demand from domestic fossil fuels.

The most difficult demands in the U.S. and abroad will be in
liguid fuels for transportation but, if capital expenditures are
made, the U.S. will continue to meet most of its needs. Taxes
and regulations of various kinds are the strongest deterrents to
increased U.S. production. Purchase of foreign oil and other
energy forms should continue as long as their prices are lower
than the total of production costs, taxes, etc. in the U.S.

The world economy has now demonstrated conclusively that oil
prices are subject to supply/demand forces. Although world oil
production outside OPEC has increased and demand for OPEC oil has
significantly decreased since 1980, increasing world GNP is
expected to increase demands on OPEC production in about 198%.
When demand for OPEC oil exceeds around 8@% of OPEC production
capability at any time, a rise in OPEC price should be expected.

It must be emphasized that OPEC price rises may be postponed for
years or decades if U.S. or other free-market production of oil,
natural gas, methanol from gas or coal, or other energy is
adequately stimulated. Economic studies by the DOE's Energy
Information Agency indicate that a reduction of $1 per thousand
cubic feet of U.S. natural gas Prices in 1985 (from $5.50/Mcf to
$4.50/Mcf) would drop the world price of oil by $4 per barrel
(from $37 to $33 in 1982 dollars).

Energy conservation also plays a crucial part in the future price
of world oil. After about 1999-2000, production of synthetic
fuels should assist in moderating rising oil prices. But the
capital costs and institutional problems of synthetic production
will be large.

Coal is the most abundant U.S. energy resource and its price is
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far less than for any other form of energy. Coal mimeable under
present economic conditions can supply the U.S. for literally
thousands of years. Additional reserves can be exploited by
underground gasification. Its greatest problems are in handling,
shipping and environmental im||oacts. Some of these problems show
promise of improvement. Catalytic production of synthetic fuels
from coal may become economically competitive. Developments in
coal technology and economics could have profound effects on
world oil price and availability.

Solar and other renewable sources will require very large capital
investments before they can yield significant contributions.
Most of these sources are characterized by inherent limitations
in continuity or reliability. Remewsles are unlikely to affect
world energy prices until after year 2000.

All of these comments are heavily shrouded by uncertainty and
dependent on a host of international, economic, political and
military events.

U.S. dependence on foreign oil imports dropped as low as 2%%
of our oil consumption during early 1982, but has crept back up
to about one-third in the third quarter of 1983. The U.S. would
probably suffer less from a disruption in foreign crude today
than at any time in the future until well after 2000 (unless

effective steps are taken to increase domestic fossil energy
production) . However, it appears that as small a disruption as 1

million barrels per day (/S of U.S. late 1983 imports), could
triple the price of oil.

The World Energy Conference of September, 1983 was more concerned
with the sociological effects of energy programs than with world
energy availability and prices.

u . S . T r a n s

About 3/4 of U.S. transportation energy is used by road vehicles.
Demand for auto fuel has dropped rapidly over the past five years
and should continue downward, although the recent trend is toward

less auto fuel conservation.

Aviation accounts for less than 10% of transportation fuel. The
demand for aviation fuel should remain about constant through the
remainder of the century. Its percentage of transportation fuel
will rise, but only to the extent that of auto fuel will decline.

The demands for U.S. jet fuel and diesel fuel have been
comparable. U.S. demand for diesel fuel has increased steadily
since 1970 and it has been expected that demand would continue to
rise at the same or a higher rate in the future. Heavy
dieselization of U.S. autos and light trucks could immensely
increase the demand for diesel fuel.

However, the outlook for future diesel fuel demand appears to
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have experienced a major reversal. The past increase in diesel
demand has been due to dieselization of heavy trucks. Need i um
trucks and all U.S. buses use a far lesser amount of fuel and are
not important to major trends. The future of U.S. diesel demand
depends on the popularity of diesel autos and light trucks.

DOE analysis shows that owners of new U.S. cars are now paying
less gasoline real cost per mile than at any time in history.
U.S. auto owners now do not respond to small differences in fuel
prices, while diesel prices now rival those of gasoline.

Further, new car purchase of lower-mileage models has increased
relative to fuel-economic models.

Most important is the recent trend in purchase of new
diesel-powered autos and light trucks. Starting in 1977, U.S.
sales of diesel cars began increasing at a steady rate of about
159,600 units per year, reaching a total of over 500,000 sold in
1981. But, just as abruptly in 1982, the rate of purchases began
dropping by the same 1%0,000 units per year. From a high of
about 6% of U.S. new car purchases during 1981, in the third
quarter of 1983, diesel sales dropped to 2.34 of the auto market.
Probably also significant, at least one foreign manufacturer
started selling diesel models at lower prices than gasoline
models of the same car in the U.S.

The DOE concludes that dieselization of U.S. heavy trucks is
virtually complete, of medium trucks and buses is not important,
and that dieselization of autos and light trucks will not
penetrate the market significantly. Accordingly, the rate of
increase in demand for U.S. diesel fuel should grow at the same
rate as the GNP, considerably lower than has been anticipated.

Growth of U.S. diesel fuel demand is therefore no longer expected
to impact the supply or price of U.S. aviation jet fuel.

Aviation Fuel

As reported above, the demand for aviation fuel is expected to
remain essentially constant throughout this century. This
expectation is at odds with several other national and
international forecasts, which expect growths of from 1% to 3%
annually. The differences are probably unimportant, as far as
fuel availability or prices are concerned. Among many other
imponderable variables, aviation fuel demand depends on the U.S.
and world economies, the amount airlines are willing to sacrifice
fuel and prices in competing for passengers, and the amount of
capital airlines can raise for new, fuel-efficient aircraft.

After 1985, fuel prices may rise at 129 faster than general
inflation.

There has been unanimous agreement that the quality of world
crude oil is steadily decreasing and that future oil, finds are
likely to be of lower quality. Over the past several years,
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there has been a wide opinion that lower quality crude oil will
result inevitably in pressures for lower quality jet fuel. This
was particularly expected when the demand for jet fuel was
projected to grow rapidly. Today there is recognition that
several factors act against a trend toward lower-quality jet
fuel.

First, the rapid rise in demand for jet fuel has receded and the
expectation for its future growth has strongly diminished. The
competition from diesel demands has certainly receded and may
have disappeared. Demand for automobile gasoline has dropped so
rapidly that lighter fractions of the crude barrel are becoming
increasingly available. Perhaps most significant, the demand for
residual fuel oil has allmmst disappeared; residual oil is selling
at lower prices than the crude oil from which it is made.

U.S. refiners continue to shut down excess refinery capacity.
The units closed are those which can only do simple processing,
not sophisticated hydrogenation. A number of refiners are either
making major modifications or are building new installations
which will produce little or no residual oil and other heavy
fractions. They will synthesize their entire output into
high-quality products. As a part of this process, it becomes
increasingly apparent that refiners should have no difficulty in
maintaining specification quality of jet fuel. In fact,
indications continue to grow that aviation may be able to improve
specifications for jet fuel in the future.

At the same time, with more light fractions available from
decreased gasoline production, aviation may expect to be offered
fuel with lower flash points. There could be economic advantages
for airlines accepting some of these fuels. FAA, NASA and others
concerned with fuel specs should identify what fuel-handling and
other criteria should apply to the many new jet fuels which may
become available during the next few years.

Natural Gas

The Natural Gas Policy Act of 1978 is purported to “deregulate”
U.S. natural gas in 1985%. However, the Act maintains price
ceilings on more than 4@% of the proven natural gas in the United
States. Some gas will remain at price ceilings equivalent to
less than $2 per barrel for crude oil. More important in the
view of this author, these ceilings and use restrictions continue
to prevent the U.S. from finding, producing and using other
extensive domestic natural gas resources.

If exploited, these important domestic resources could greatly
reduce U.S. demand for petroleum and, presumably, either arrest
the price rise of world oil, or reverse its growth. In the
opinion of this author, development of U.S. natural gas
represents the most immediate, economical, and effective way by
which the U.S. can stabilize its energy supply, reduce its
vulnerability to crude oil disruptions, and stimulate the free
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world’s economy.

While the situation also may be improved by increased energy
conservation, more nuclear power, and earlier synthetic and
renewable energy production, none but natural gas could begin to
achieve this effect in time to delay or defeat the forecast oil
price rise of 1985.

Aviation, and all other interests which are substantially
vulnerable to fuel availability and price, should become
intimately familiar with the potential that natural gas offers to
the energy market and, in turn, to all energy users.

Alternative Fuels aasd=lnaagymsoercdl

Alternative fuels capable of replacing gasoline in the automotive
market, could have a major effect in reducing and holding the
price of petroleum low for many decades. To be successful in the
automotive market, a new fuel must be available at 15228 below
the price of gasoline and must require no serious compromises.

While diesel fuel is derived from petroleum and offers no relief
in the price of petroleum, it also does not appear capable of
meeting the price criteria. Further, it is likely diesel engines
will not be able to meet the more stringent future exhaust
emission requirements, unless existing emission improvement plans
are relaxed.

The most viable candidates for replacing automotive gasoline are
methanol and liquid methane (liquid natural gas, LIND).

As with any other alternative fuels, both methanol and LNG suffer
from the chicken-and-egg syndrome that requires a large number of
fuel supply outlets before vehicles can be sold in guantity,
while capital cannot be raised for the distribution system until
a large number of vehicles is operating. Previously, it has been
expected that new fuels could be introduced successfully through
fleet operations. More recent analysis, and the U.S. experience
with diesel automobiles, suggest that capture of all U.S.
automotive fleets by a new fuel will not guarantee its
introduction into the public market. One of the strongest
obstacles today is the fact that new car owners are paying less
per mile for fuel than at any time in history.

Methanol and LNG can be manufactured most readily from natural
gas. But, using the ground rules of existing legislation and
regulation, the DOE predicts that U.S. natural gas prices. will
rival that of gasoline per Btu in 1985-87. |If so, the use of
natural gas for methanol or LNG would appear completely
eliminated. But this author stubbornly believes that U.S.
natural gas prices are the result of our economic/energy
policies. With natural gas reform, the 15208% price advantage
should be realized. In fact, as soon as the “natural” low price
of natural gas is achieved, its effect would impact in other fuel
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areas immediately, leaving the automotive fuel market for
additional potential penetration.

In the world energy arena, the future of natural gas availability
and price may be resolved without U.S. participation. Around the
world, tremendous amounts of natural gas are being flared today
and foreign oil producers are already considering converting this

loss to methanol, LNG and other products. It is entirely likely
that these world surpluses in natural gas will be captured and
used. Its products can replace existing uses for oil as energy

and chemical feedstocks and, in some areas, as fuel for ground
vehicles.

This is an international potential which U.S. petroleum users
should watch alertly.

Renewable energy sources do not appear capable of affecting the
world fuel market until after year 2000.

Synttteatic Fuels

It appears that synthetic fuels, particularly shale oil, can be
produced at prices which nearly rival petroleum products. Unlike
alternative fuels discussed above, synthetic fuels can be
manufactured to the same specifications as petroleum products, or
to even better specs. The only obstacles to their market
introduction is their price and, today, lack of production
capacity.

In late 1983, Union Oil is beginning to deliver 10,000 BPD of
shale oil which has a price support of over $4ybbl from the U.S.
Synthetic Fuels Corporation. Under present arrangements, the
U.S. Air Force expects to receive enough of this fuel for limited
tests in daily service operations. Under current conditions, the
price for this fuel to the USAF is about 10 lower than for
conventional jet fuel, while the quality is higher. If this or
other sources permit expanded operations, the USAF has plans for
extending use of shale oil to all its domestic bases.

The DOE expects that only small quantities of synthetic fuels
willll become available before year 2008, but that output should
increase rather rapidly after that time. By 2010 t o 2020,
synthetic production could begin to reduce U.S. demand for
foreign oil to an appreciable degree, say two million barrels a
day or more.

It is not clear if shale oil sources can be made available for
U.S. domestic airlines, or whether they would presently find any

advantage in cost. But this is a situation which deserves
watching. Similarly, it is still unlikely that aviation jet fuel
will be developed from coal at competitive prices. But a

breakthrough in underground coal gasification technology or in
catalytic synthesis could bring far-reaching effects.
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Aviation Fuel Conservation

The potentials for aviation fuel conservation were reviewed in
the Impgedt report and most of them have already been exploited in
U.S. airline and other aviation operations. More intensive
economy can be achieved as better methods are developed for
instrumenting aircraft and providing performance information.
Planning and optimization methods are generally more advanced
than the data inputs available for their use.

This is particularly true in flight planning and aviation
weather. Flight planning methods today are highly refined, but
upper-atmosphere wind data are generally no better than they were
twenty or more years ago. In some respects they are worse,
because they are measured less frequently today than previously.

With improved wind mowgast and forecast information, there is a
direct potential for saving $30@ million per year in airline fuel
costs from adverse wind data, not including costs of flighht
delays and diversions, or the benefits to non-airline operations.

FAA has now formally recognized the need for improved upper wind
data for both its FAA Aviation Weather Plan and the Automated Air
Traffic Control ﬁye&ner&ex«ufbeamu-alﬁmpw
Plan. These plans will require a new national wind measurement
SEsEEm i N 1992, The National Weather Service (NWS) also
recognizes this improved weather data need for its own purposes
and, depending on priorities and budgets, may be able to
introduce a new system starting in 1988.

MERIT (Minimum Energy Routes Using Interactive Techniques), a
combined NASA/NWS program to evaluate the effects of improved
wind inputs, largely through pilot reports, will be run during
the first three months of 1984. Airlines would be well advised
to participate in these tests and to consider how its results can
be continued or developed into regular airline flight planning.

Although the new generation of transport aircraft (B-7%7, B-767,
DB-80 and Airbus) appear conventional, they will provide fuel
savings of 20-40%, compared to the Vintﬂﬁiﬂ‘t they will replace.
Future generations of new aircraft are expected to offer similar
percentage improvements in fuel economy. Growth in airline fuel
demand will depend to a significant degree on the rate at which
these new aircraft can be introduced into service.

Aircraft used in the U.S. for commuter service have not yet
adopted many of the fuel-efficient design features offered in the
new large transport aircraft. But the same potential is
available. In some respects, such as by using composite
materials in major external surfaces, the smaller aircraft
may have an earlier opportunity than Ilarger aircraft for
incorporating some drag and weight improvements. But the
existing investment in conventional aircraft construction methods
and prejudices in their favor willremain strong.
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SUMMARY SUPPLEMENT

CS1S Conference on Oil ER3rubOibn

Georgetown Center for Strategic and International Studies' (CStS)
conference on "Oil Supply Disruption Probabilities” was held on
November 160, 1984, jointly sponsored by the Department of Defense
and FAA. Approximated 85 participants and observers attended and
50 submitted their numerical estimate on the probability of a
severe disruption.

At this writing, the results have not been analyzed by rigorous
statistical mathematics, but an approximation method has been
applied. Subject to final correction, before the meeting, with
51 respondents, the mean probability for a disruption in a
five-year period was given as #.582, with a standard deviation of
©.275. This is only about half of the purely subjective poll in
the Impact report, which recorded 1.0. In this CS$tS poll, the
range o'f entries was from .05 to 1.0.

Pending the rigorous analysis, it may be misleading to offer the
distribution of entries. But it is interesting that the
distribution curve shows almost a classic "head-and-shoulders”
shape, with three peaks. The highest is at the mean of 0.582;
the secondary peaks occur at about .25 and .75, and are about
8@% of the maximum.

A second poll was taken at the close of the meeting, with 33
respondants. The mean probability dropped to ©.494, with
standard deviation ©.244. The range of entries remained the
same. Although numerically these results appear similar, the
shape of the curve was considerably different. The shoulders
disappeared completely and the curve was almost a 4% straight
line from near zero to the maximum. From there it dropped toward
1.0 nearly symmetrically, but with a small residue near 1.0.

Pending CSIS'S report, it appeared the ©participants in
discussions were less concerned about the probability of a
disruption than for its consequences. It was pointed out that
the U.S. may remain vulnerable indefinitely, particularly through
its allies and trading partners.

While Iran has made strong threats about closing the Strait of
Hormuz, conference consensus was that Iran has more to lose than
most if the strait is closed. The greatest concern appeared to
be that a miscalculation could occur or that Iran and lraq would
raise the level of counter-threats so high that one will feel
coanpelled to act. There is no anticipation that the war will
end.



1-10@

Discussion indicated that MidlEz=st oil installations are spread so
wide that they cannot be successfully defended. Defense hinges
mostly on mutual self-interests and fear of retaliation.
Conference opinion, including military representatives, was very
strong that the U.S. cannot and will not permit the strait to
remain closed. No details were offered; the statement was made
emphatically and not challenged.
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The past decade should have removed any doubts that energy and
fuel respond to supply and demand pressures. It is difficult to
project either supply or demand. The balance between them can be
a fine one and, as will be shown, prices are highly sensitive to
the degree of unbalance at any time. Therefore, projections of
prices are necessarily both difficult and percarious. When
expressed in tables os graphs, future prices tend to be regarded
as firm or reliable; it must be constantly remembered that they
are not.

Energy projections are usually presented as relatively smooth
curves, much smoother than the history of our past decade.
Forecasters point out that, as convenient as they may be, smooth
trends are impossible in a free energy market. They correctly
note that, when trends are projected either- higher or lower than
the norm that may be expected, cyclical excursions will be even
greater. While the sweep of these cycles may be estimated, the
time of their occurrence depends on economic, political and
international events which cannot be predicted.

This report will generally show predictions as smooth curves; it
will also indicate some excursions which could be expected. It
even attempts to indicate effects of typical major disruptions in
world oil supply. The reader must bear in mind at all times that
even the basic, smooth projections are highly suspect; the excur-
sions from smooth curves are compounding the felony.

World En-ends

Most analysts agree that, barring a significant world oil supply
disruption, oil prices will most likely decrease in real terms
into 1985%.

This conclusion is based on the fact that world demand is now
well below world oil production capability and that demand for
OPEC oil is currently well below 8®% of OPEC production
capacity. As will be shown, OPEC cannot raise oil prices when
demand falls below about 8®% of their capacity.

Between 1985 and 1992, depending on recovery rate of the world's
economy, development of non-OPEC oil production, and numerous
other factors, world oil demand should rise and the increase
should largely be met by increasing demands on OPEC. Sometime
between 1986 and 199®, demand for OPEC oil is projected to reach
24 to 26 million barrels per day, resuming upward price pressure
on the market.

It is appropriate to halt at this point and discuss the fragility
of this conclusion. In the September draft of NBFR-1983 (2-11,
which is not yet released at the time of this writing, EIA is
predicting that world oil prices will stabilize in the $23- to
$30-per-barrel range in 1983 and 1984 (1982 dollars); by 1985 the
price of oil should be around $2%/bbl in 1982 dollars.. [In 1982
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dollars, the world price should therefore climb to about $37 by
1990.

But an appreciable part of that climb from 1985 to 199G is due to
their conclusion that natural gas prices will continue to rise in
the U.S., U.S. imthsstg will corresporddigyx siiift more energy
consumption from gas to oi¥, and the world demand for oil will
be enhanced accordingly. Ix the new NEEPRI1984,, on which work
will begin 1n January 1984, its authors aifrew%ct that the
rise I1n gas prices will not be so sharp as assume n NEPPR-1983,,
and that they are 1lilkede le project the 1999 world price of oil
to around $33/bbl, instead of $34AMI. The price 0of oCimrmiom
dolTars could therefore drop as low as $2f but, more important,
the price Desviayad 1990 WaNFemcdhsldINFE=I==s than in

NIEEPR11983.. When projected on out to 2000 and 2018, the effect is
dramatic.

| t dsSrigrifahaark to note how sensitiwe the world oil price is to

natural gas prices and usage In the U.S.! A different assumption
on the price of U.S. natural gas necPstasry—bcads—o0 5 @i Brogerk
conclusion in world oil price. This author happens to believe

that the NEFAR-1984 assumed prices for natural gas mmawgtill be
too -high; If so, the world price of oil in 1996 could be below
$30/bbl in 1982 dollars.

so by its treatmeni o f. natmcablgas. In fact, natural gas is onl@
one variable the U.8. could Dring worhasxo Ulhza §gh encouraaament
of enhanced o0il recovery, decreased taxes on oil ((iManriaiey., BUE
not restricted to the wWindfall Profits Ta¥a®f, , and niher
phdicEpearpehrs that the U.S. Could wasm shr<adk id Ol
inittirative from OPEC for all time. Further, althoughhe U.S.
should be able to do this entireby vhmeldghnitist i a t 1 v e s |
with cooperation from Mexico, Canada and/or North Sea production,
the job would be even easier.

In a market which has been so delicatel oekancgl over the past
decade, and will probably remaln so for another twenty yeass,-€hz
U.S. has It within its powes to continue to Teave the world's>REL
price initiative with OPEC, @F & aoapE A wnliESafioomlly 0-FRe
Western economies.

Continuing with NEHRP-1983 (which assumes high prices for U.S.
natural gas), beyond 1990, "---world oil prices are extremely
uncertain and speculative, but are projected in real terms to
reach between $36 and $8@ per barrel by the yeas 2008 and between
$55 and $11@ per barrel by 2010, By that time, however, the
emergence of alternative energy sources (or technological changes
that cannot be anticipated) render current projections of dubious
value."

"One conditioning factor influencing the projected range of price
increases during the 1990 to 2810 time period is the assumption
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world production capacity in September, 1983.

That is, as Warld oil demand fluctuates, production by non-OPEC
suppliers proceeds on about at full capacity, according to the
level of oil price at any given time. OPEC production makes up
the deficit demand that cannot be met by non-OPEC production. If
the world demand for oil drops somewhat, non-OPEC countries
continue producing at an unabated rate (most of their oil can be
predfiucedl at costs below world prices) and demand for OPEC oil
drops, barrel-for-barrel, with world demand.

When this drop is fairly gradual, OPEC has in the past and is
likely to continue in the future, to hold the price firm in
constant dollars, so that the true cost of oil drifts dowmnwsaa
with the rate of inflation. If the demand droop is more rapid,
as in late 1982, OPEC must make additional adjustments to prevent
the drop in demand from depressing OPEC production and net
income. Therefore, in London in March, 1983, after much strug-
le, OPEC finally agreed internally to drop their marker price
rom $34/bbl to $2®/bbl and to hold production to 17.5 MMBD.

Accordingly, OPEC can confidently be expected to leave the price

of oil at its current level, unless a further drop in world

demand requires further downward adjustment. With the world

economy improving and oil stocks now having been fairly well

drawn down, in spite of continuing expected conservation, the

world demand for oil should start to increase, reaching the point

for 80% of OPEC capacity (say, 26 MMBD production of 32 MWBD
capacity) at about the end of 1985 (based o0 n NEAR1983
assumptions). At that point, OPEC should begin again adjusting

itsﬂprlce upward in accordance with both demand and the rate of

inflation.

Readers should continue to keep in mind this fine balance between
two fairly large and gross quantities, world oil demand and world
oil production capacity. At least under recent and present cir-
cumstances, world o0il price is dependent on the demand for OPEC
production which, although lTarge, EZZEIXIXI YN clivEiycsendlivAE
gquantity. As shown by Fig.2, the world price should remain
stable as long as demand for OPEC eojil remains around 8@4 of their
production capacity. But 1979-1980 experience indicates that,
when demand for OPEC oil reaches only 92% of capacity, the world
price should rise by 50%. Then, in proceeding on to 95%, the
price should have risen by 100%.

Obviously,, the actual price response for an oil demand above 8®%
of OPEC capacity wiill depend on world economic, international,
and emotional conditions at that time. Practically, anyone
should feel free to make his own guess. But it should be evident
that in tperess=ent or any future time of "&s gtk ,» &= world
mapaenedar be far from another 10@% price increase!

A significant disruption of crude oil production in any sector of
the world is apt to trigger OPEC production demand beyond the 8%
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could have a serious effect on the world economy. These rises
would certainly affect airlines adversely. The fact that they
occus at S-yeas intervals is not significant; a five-yeas cycle
was the basis for the EIA inputs to Fig.6. EIA points out that
it is impossible to predict these cycles accurately in either
time or magnitude. Any serious attempt to do so, and then be
wrong, could have serious consequemcies..

For expmpile, suppose an oil refiner had faith in his prediction
capability and planned on a four-year business cycle as the basis
for his capital expenditures. If each cycle covess five years,
after ten years, the predicted cycles would be 1806 degrees out of
phase. But cycles ase not apt to occur with even spacing; a
forecaster could easily be out of phase within the first cycle.
gos a ten-year plan revised every year is not a cliche; it is a
necessity.

“Oil disruptions can be caused by terrorist acts, wars, or
political actions such as the 1973 embargo. Although no one can
foresee when such disruptions will occur or their severity, we
believe that the price impacts of distuptitors are short term in
nature with most of the effects dissipated within 5 to 10 yeass.)t

(2-2)

EIA illustrates some spaced oil disruption senaries in Fig.8.
Each disruption is allowed to dissipate fully before the next
occulkks. Further, it appears to this author that the rate of
price rise is less than might actually be expected, almost as
though the market were fully awasse and confident of the later
outcome. Considering FHig.4, if OPEC is running at a normal
production rate, a SMMBD disruption over a short period would
force OPEC to full production. If they respond as Fig.2 indi-
cates, the price rise would be more like 100%.

Fobebib &b sl idiy Disruptions

As discussed in (l-1), an early 1982 informal poll of respected
foreign-affairs analysts concluded that all analysts expected at
least one major disruption in world crude oil deliveries in any
five-year period and probably three diskugtions in a ten-year
period. That poll is probably not an accurate representation. A
couple of analysts advise that they know of some who are not so
pessimistic (as well as others who are more pessimistic). At the
time of (I-1) it was not possible to investigate this question
further, except to find that about half of those polled also
thought the resulting oil price rise would be at least 100%; the
other half opted for 38-50%.

It had been hoped that before this present report was written, it
would have been possible to assemble a representative group of
foreign-affairs analysts large enough to obtain a statistically
significant sample, to analyze their conclusions, and to further
evaluate the results. Admittedly, no matter how eminent the
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sources or how reliably the data are evaluated, the results would
still be based on opinion of individuals. But it was felt that a
good analysis of expert opinion could be useful, lacking any
better way of predicting the future.

Unfortunately, it has not been possible yet to convene this oper-
ation, although it is expected to be accomplished before the end
o f 1983. Because other information on energy supply, demand,
prices, highway fuels and alternative energy sources came
together at this time, it was concluded better to complete this
report now, with the important omission of the probable threat of
crude oil dlisruption, rather than wait for those results and
decrease the timeliness of all the other information.

Therefore, results of the foreign-affairs opinions on the pkdim
bility.of crude oil disruptions will be reported later. However,
it should be noted that no analysts have been encountered and no
opinions have been heard that suggest the threat of crude oil
disruption is small.

If one is considering the likelihood of catching a serious,
possibly fatal disease, (as airlines might regard the effect of a
serious crude-oil disruption), the exact opinion on the probabi-
lity of an epidemic may not be too important. Pending further
irtl)flormation, some degree of early immunization would seem desir-
able.

Cartels

Does OPEC really operate like a cartel, as assumed in the
previous discussions? Apparently the answer is, “Yes, mostly.”

OPEC has availed itself of the best -education and advice
available. They have no doubt analyzed the situations thoroughly
and have digested other significant analyses. They obviously
have difficulty in acting together as, indeed, their interests
are significantly divergent.

Interestingly, while there are many studies and a formal theory
of monopolies, there is no organized, formal theory of cartels.

In WosiN\Zheawy Maxckdts and OPEC Stability, Lexington Books,
1978, Dr. Kli Ezzatti of the Brookhaven National Laboratory,
mwitieled the total world oil supply/demand situation, including
OPEC activity. He concluded that it is possible to classify OPEC
members into four general categories of production and economic
stature, but that these categories still leave significant dif-
ferences in national objectives, which would affect actions
within the OPEC structure. He concluded by modeling separately
the major OPEC members and lumping together only those whose
production rates cannot greatly affect price or production.

As a matter of interest, Ezzafti explored both a “stability gap”
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and a “destruction gap” for OPEC. His stability gap exists when
demand for OPEC oil is greater than the production rate OPEC
members need for their economic development programs. At the
time of his study, his stability gap was calculated at about 6.6
MMBD, and one must conclude that OPEC had managed its prices and
production well. Since that time, the market has switched to a
destruction gap, so that OPEC has been compelled to decrease both
price and, more important, production rate. The fact that world
oil prices have not fallen further is an indication that, despite
severe internal stresses, OPEC has managed to keep its act fairly
well together, at least, so far.

The EIA and others have pointed out that OPEC has not acted
differently than have other developing countries handling scarce
commodities. OPEC has enjoyed a more pervasive commodity, a
better opportunity for control and, despite their glaring
differences, probably a fairly strong common interest. They have
also had a valuable direction signal by watching spot prices in
oil.

Less Developed Countries (LDCs) tend to argue that the prices of
their primary goods are too low compared to the prices of
manufactured goods which they must buy. For at least fifty
years, LDCs have attempted to stabilize and raise the price of
their goods through “commodity agreements” or cartels. In some
cases, such as the diamond cartel, they have been resoundingly
successful. The <control of prices requires control of
produrcticim Ok-, as in the case of diamonds, holding the product
off the market. At higher prices, demand is reduced, so that
non-cartel countries will increase their production of the
commodity, if they can, and there is more incentive for cartel
members to cheat by increasing production.

“The 1973 embargo marked the final transition of Middle Eastern
oil production management from international oil companies to the
oil-producing nations. These nations have different perspectives
and difféecant needs than the oil companies and thus base their
decisions on a different set of objectives. Further, each OPEC
member has a unique combination of characteristics which cause
the prices and quantities it would find most desirable to be
different from the prices and quantities any other member would
find most desirable. Libya, for example, has rather limited
kessasves, rather ambitious political objectives, and a relatively
high popullztion. This means that Libya has a high absorptive
capacity ‘ffer revenues. Saudi Arabia, on the other hand, has

sufficient reserves to allow it to continue to sell oil well into
the next century as well as a relatively low population. For
Libya, there are incentives to try to maximize short-term reve-

nues by increasing prices. For Saudi Arabia, there are

incentives to keep prices at moderate levels. This would allow
the Saudis to maintain their long-term market while gradually
industrializing in an orderly manner. To operate effectively as
a casttel, OPEC needs to convince all members that they will
benefit from a cooperative effort to maintain a given price/pro-
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ductiom level. Recently, OPEC prices and production have fallen
dramatically. High prices directly and indirectly (by suppress-
ing emonomic growth) caused lower demand and higher non-OPEC pro-
duction than would have occurred otherwise. This resulted in
lower demand for OPEC oil. Pek a variety of reasons, including
the fact that they have the most oil reserves, a relatively low
population, low revenue needs, and a desire to stabilize the
Middle East and avoid invasion or revolution, Saudi Arabia has
absorbed much of this loss." (see Fig.9) (2-2).

"Although OPEC has not been able to escape the problems inherent
in cartels, the price of oil, in constant dollars, is over four
times what it was in 19760 and is projected to increase in the
future. The reason for this lies partly in the cartel, partly in
the change of oil production decision-makers, partly in the
change of expectations which has taken place since the early
1970s, and partly in continued global development. Under limited
circumstances OPEC has had and will continue to have an effect on

world oil prices...In the 1978s analysts began noting that
projected oil production would soon outstrip projected oil
reserve additions. . ..\Whether correct or not, such 'conventional

wisdom' has an impact on the decisions of both oil users and
producers as they hedge against the future." (2-2)

"Despite the tentative nature of the analysis, three significant
observations can be noted: (1) regardless of the price path or
the discount rate, OPEC stands to make a very large amount of
money over the next 29 years; (2) prices that are continuously
too low or too high result in what are considered by many
analysts to be unlikely quantities of OPEC oil production (that
is, less than 2@ MNMBD or more than 32 MWBD); and (3) OPEC
revenues are not greatly affected by significant shifts in the
world oil price path. This test indicates that the world oil
prices resulting from our analysis are plausible in that they
produce credible OPEC revenues while causing OPEC oil production
to remain within reasonable limits." (2=2)

OPEC on OPEC

How does OPEC regard OPEC? (This section is included only for
those who may be interested; it does not affect the forecast
material.)

The OPEC Bulletin is produced monthly by the OPEC Public Infor-

mation Department, for internal consumption and as a public-re-

lations output to the rest of the world. It is noticeably
public-relations oriented. It usually includes two to four
important speeches or papers delivered at the international
level; a feature article on one OPEC member country; a "Country
Profile” on a non-OPEC country; and a monthly market review,
discussing price developments in various world areas, together
with tables and graphs of spot OPEC and non-OPEC crude oil prices
for different grades and world locations; the European Market for
gasoline, naphtha and distillates at Rotterdam and lItaly; the US
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Market; and the Caribbean, Singapore and the Gulf (Arabian)
markets.

In an “Energy Talk” section, it may include summary articles on
symffuedls (such as the Colony Project), on gas liquefaction, or on
how oil is found and produced. 1ts “Energy Survey” may have
small reports on features such as, “OPEC Reserves to Last Beyond
2000, how bartering is being used by money-poor countries to get
fuel, an oil museum in Nigeria, the Bolivia-Brazil gas pipeline
(which it calls "the pipeline that benefits no-one”), The
Japan-Saudi Jubayl Petrochemical Project, how the sagging Western
economy is squeezing Soviet ambitions for Siberian coal
development, and the like.

OPEC is defensive about its image in the West. This is seen
often, as in, “Campaign Against OPEC,” by Gaowasle Plaza, Director
General, OPEC News Agency, at a roundtable on international
petroleum under auspices of the Cemtre for OPEC Studies at
Caracas on March 22, 1983. In his paper, Plaza opens with,
“Since 1973, OPEC has been the target of high-powered and hostile
publicity as a cartel of irresponsible Arabs whose actions
triggered a severe recession in the industrialized countries and
pushed the Third World into an economic crisis, virtually
bankrupting the poorest among its members.”

He goes on to observe, "The ‘cartel’ concept is inextricably
associated with a collusion of private commercial interests,
committed to the maximum of their profits. OPEC is not a trust
of private firms and its ultimate objective is to derive from a
finite source the maximum possible benefit for the people of its
Member Countries, the first and natural obligation of ap
nation.” He contends that OPEC cannot operate as a cartel, whic
must control both price and production, because each of its
members is a sovereign state.

He points out that Article 2 of the OPEC Statute (1980) states:

The principle aim of the Organization shall be the
co-ordination and unification of the petroleum poli-
cies of Member Countries and the determination of the
best means for safeguarding their interests, individ-
ually and collectively.

He observes, “Far from being created to manipulate production and
prices, OPEC was founded by lIran, lrag, Kuwait, Saudi Arabia and
Venezuela to unify and co-ordinate their petroleum pelliciies
vis-a~vis the mmaneewxres of transmettional oil companies which,
acting as a true cartel, by collusion manipulated production,
engineered price cuts and blackmailed the producing countries one
against the other. (The members of the oil countries’ cartel are
well known: Exxon, Shell, British Petroleum, Texaco, Gulf, Mobil,
SEtgr;dard Oil of California, and others.)” (The “seven sisters,”
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He notes that some suggest that the economic downturn stems from,
"---a decrease in the rate of industrial productivity in the
United States and to the unprecedented budgetary deficits
sustained by it since the 1980s."

"In this charged, emotional atmosphere, two powerful groups,
representing well-entrenched interests, threw their weight behind
the campaign against OPEC: the transmattional oil companies and
the governments of the consuming countries. For different
reasons, both found it expedient and advantageous to make OPEC
the scapegoat for their mistakes in order to divert public

opinion from their failings. Both made use of their public
relations departments and spokesmen to fan the flames of
prejudice and slander against OPEC. The companies chose this

course in order to hide their role in the rapid and unwise
dependence on imported oil induced among western consumers by
virtue of prices so unrealistically low that coal and other
energy sources were almost wiped out of the market. As for
governments - in particular that of the United States - they used
OPEC to gloss over their mistakes in the management of their
economies.”

"It must then, be for the industrialized countries a constant
source of irritation to find that a group of Arab, African, Latin
mmeericaan and Asian ministers have turned out to be better
politicians, shrewder diplomats and astuter negotiators than the
western representatives, presumably more competent. Instead of
realizing that the era has passed when political leadership,
economic wealth and military power were all concentrated in a few
countries of the northern hemisphere, the North opted for the
less dignified reaction: insult, slander, scorn and ridicule."”

Plaza stresses that OPEC is not an organization of Arab
countries, pointing out that, while Algeria, Iraq, Libya, Qatar,
Saudi Arabia and the UAR are Arab, the non-Arab states of
Ecuador, Gabon, Indonesia, Iran, Nigeria and Venezuela hold 84%
of AFEC's population. (He does not mention that the Arab states
produce most of OPEC's oilHxd.J)

Views of Saudi Arabia are reported weekly in Saudi mss_e_g?!zﬁ,,
"Major News Events,"” usually summarizing remarks by King Fahd and
members of the royal family and the government. This document
may be obtained on request from Saudi Press xXyge€g, 1155 15th
Street, N.W., Suite 1111, Washington, D.C. 20005.

For example, in the July 25 issue under, "Saudi Press
Editorials,"” it reports from the following Saudi papers:

Al-Mistlina-Jeddah: Reported King Fallnid's efforts to heal
differences among Islamic countries. "King Fatihtf's comments on

holy Jerusalem and its miserable fate was designed to remind
MisSems all eves the world of their religious and moral com-
mitments which they have forgotten for so long."
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Al-Jazerath-Riyadh: Condemned the Israeli decision for partial
withdrawal in Lebanon as a challenge to the will of the Lebanese
people, not conforming to the previous agreement on t3OP
withdrawal signed by lIsrael, Lebanon and the U.S. (Mentions the
uU.S. IS preoccupied with presidential election campaigns.)
Israel is the only power benefiting from new fighting in Lebanon,
which is threatening a full civil war, planning for Israel to
annex the southern parts of Lebanon.

¥xRifxxth: Commended the PLO Chairman for solving Palestine
mféreeraes and foiling plots to damage the Organization.
Security is threatened not only from abroad, but from internal
Arab differences.

Al-Yom-Damman:  Deplored U.S. supply of arms to Israel, a dioultle-
standard policy. "It went on to say that neither the Americans
nor the Russians were interested in realizing peace in the
region."

Al-Mistlina-Jeddah: Reported King Fatd's call to Muslems,
worldwide, to return to Islamic fold and "..adde to the
sublime faith."

Qeaz-Jeddah: Accused the U.S. of attempting to liquidate the
Paillestiimizam struggle by refusing to talk to leaders about their
rights. The U.S. agrees with Israel's plans to destroy the PLO
and to enforce Israeli conditions on the West Bank. The paper
calls on Arab nations to revise their ties with the U.S. because
ﬁf the wrong foundations of U.S. policy, which will,
---certainly open the door for the Soviets to return as an
influential force in the region.”

In a statement, "Putting the Record Straight,” OPEC Bulletin,
July 1983, Dr. Marc S$. Nan Nguema, retiring Secretary General of
OPEC, expressed many similar thoughts to a briefing of Vienna-
based correspondents on June 22, 1983 at the OPEC Secretariat.
While he commends some correspondents faix objectivity, he
commented, "OPEC is news only when it adjusts oil prices. OPEC
Conferences are attended by the Western world's media, not to
hear about what OPEC Member Countries are doing about co-opera-
tion between industrialized and developing countries, about aid
to the poorest nations, about health, education and food in
developing countries. No: it is one theme and one theme alone
that brings the top names in world journalism to OPEC's bi-amnual
Conferences - oil prices.”

DfS. Nguema practically echoed Plaza's remarks about OPEC's not
being Arab or responsible for the world economic crisis. "The
immediate and crucial factor which compelled OPEC drastically to
adjust prices in 1973 and 1974 was the galloping inflation in the
industrialized countries, where an economic boom was raising the
prices of industrial goods imported by OPEC countries and causing
the purchasing power of their oil revenues to decline sharply.
The real cause of the 'oil shock' was the failure to allow oil
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prices to rise in line with the prices of other commodities. 1t
was that artificially low price which created the dangerous
illusion in the West, that crude oil was an inexhaustible
resource which could be squandered at will."”

Dt'. Nguema goes on to contend that OPEC is not wealthy and, while
it is also not Arab, he spends some time praisiitngg Arab culture
and the fact that Arab scholarship preserved arts and sciences
while Europe was still in the Dark Ages.

Finally, hExery day the nations of the world are becoming more
interdependent, and this is a good thing, for in it lies the
future of us all. As journalists, you have a unique role to play
in this regard, for you are the opinion-makers. People read and
believe what you write. Please try to do justice to OPEC in your
reporting; please try to be fair and objective - we ask no more
than that.”

On the same program and also in the OPEC Bulletin, his talk was
followed by an address from Dr. Awni Shakir #&-Ami, Assistant
Director of the OPEC Fund for International Development, entit-
led, "OPEC Aid Goes to Poorer and Less Developed Countries."”

Other Views on the International Oil Future

Also in the July 1983 issue of the OPEC Bulletin, Dr. wlf
Lanmzke, Executive Director of the IEA (International Energy
Agency), was quoted as having said the oil market would be, "---

relatively easy over the next three of four years, with eight m
b/d spare capacity, which could help economic recovesy.™ But the
market will gradually tighten between 1987 to 1998, reaching a

"tight" balance, with spare capacity of only two or three m b/d.

In The Oil and Gas Journal, Sept. 12, 1983, "Long Decline in
World Oil Output Begins to Level Off," the article points out
that world production in the first half of 1983 averaged 51.2

MwBD, off 294 from last year. "That's the lowest level in 10
years and 17.22% below the peak first half average of 51.794
million b/d in 1979. Still, it's an improvement from the 8.7%

slide between first half 1981 and first half 1982 World
production is almost sure to show an increase during the second
half of 1983, with slow but steady recovery from the world's
recession and reduction in world inventories.

"There is considerable amount of shut in production in countries
that are members of the Organization of Petroleum Exporting
Countries. As in other years, OPEC had to swallow most of the
world's production decline. This year the organization for the
first time cut official prices and imposed a 17.5 million b/d
production ceiling. (063, Mar. 21, p. 641." "Non-OPEC produc-

tion, which has increased steadily for more than a decade, ave-

raged a record 35%.4 million b/d during the first half, up 3.9%
from last year's first half. That helped reduce OPEC's share of
world production to 31.1%, lowest in the organization's history."
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difficult OPEC agreement on lowered quotas; during long
negotiations, prices could plummet. "Oil demand is the variable
that OPEC--and other produwssr=--will be watching very closely."”

(A good time to introduce natural gas deregulation in the
U.S.-Ed.)

From Exxon News, September, 1983, "In 1983, the demand for oil in
the non-Communist world is expected te be about 45 million
barrels a day, down only slightly from last yeas. However,
demand should bottom out this year, then turn modestly upward in
1984 as the economic recovery gains momentum.” The OPEC crude
oil price of $29 a barrel should continue to hold steady. "The
weak demand for natural gas is holding down 1983 prodwtion, and
it is likely to remain at the company's volume of %.7 billion
cubic feet a day. By the miitt-198@0s, economic recovery in the
U.S. and Europe should lead to an expansion in Exxon's natural
gas output.”

In a Petroleum Review article, hBy 1984 Oil Needs Could Exceed
OPEC Quotas,”" Geoffrey Mmyhew interviewed Dr. Herman Franssen,
Chief Economist of the International Energy Agency (IER).

On the importance of the March 1983 OPEC meeting in London, Dr.
Franssen comments, "Very significant. The OPEC pkeddirdttion agree-
ment of March, and the subsequent action taken by the UK, has had
a stalilisiyg effect...It was significant that a formula was
found by BNOC (British National Oil Company) that did not under-
mine OPEC, and it was significant that major oil companies were
not going to wreck it...an all-out price war would not have ser-
ved the ends of any producer. Demand for oil could not pick up
to make for losses incurred.”

"It (the UK) is not necessarily adverse to lower oil prices, but
it is opposed to major shocks which would de-stalbilise the
market."

"We see an apparent decline in OECD demand of 8 per cent in the
first quarter of this year, but---in the fourth quarter of 1983
we expect an increase compared with a year ago.---Consumption
will, however, continue to rise, with economic recovery, in
lggﬁ.r..ﬂr@[ﬁmﬁl’mw guesstimates suggest a two percent increase in
1 .

"The general consensus suggests that by the third quarter the
demand for OPEC oil may be just below or just above the March
gquotas. But the fourth quarter demand for OPEC oil is likely to
be substantially above the agreed-upon quadias....it will be much
easier to maintain price stability...Ttis would probably
continue through the winter of 1983-84. By Spring, 19%4, demand
for OPEC oil will decline again due to normal seasonal factors
but normal OPEC oil demand for 1984 should be well above the 1983
level. One of the principal reasons is that following this
year's stock draw there will be very little room for stock draw
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in 1984.."

EIA does not speculate on price levels, but Sheikh Yamweni is
reasonable in assuming that prices will remain unchanged in 1984.

Ever since 1979 oil analysts have over-estimated consumption and
under-estimated stock changes and non-OPEC production, conse-
quently over-estimating the demand for OPEC production. "So you
cannot blame OPEC for getting it wrong." The duration of the
recession has been under-estimated and there have been
significant structural changes in industrial demand. “"Therefore
OPEC was not alone in miscalculating calls on its oil."

"We have gone from a era of over-optimism - the '%0s to early 70s
- to one of extreme pessimism - the mid '7@s to early '82s - and
I fear we are now entering again a period of extreme optimism
concerning long-term oil market developments. While the current
outlook suggests we are likely to have several years of downward
pressure on prices, this may not last."”

"A great many efforts on conservation may not now take place.
The development of alternative sources of energy may now slow’
down. A good example is the synthetic oil industry which looked
so promising in 1981 and the future of which looks dismal indeed.
By the early 1990s we could become very vulnerable again to
strong upward price pressures due to the resulting supply demand
equation.”

World Bank: Hobart Rowem in, "2W% Oil Price Rise Forecast by
MMadr9ds,” The Washington Post, July 25, 1983: 'The price of oil
is expected to rise 2@ percent above its 1981 peak by the miig-
19989s, with the Organization of Petroleum Exgmrtimg Countries’
cartel continuing to be the main supplier to consuming nations,
according to the World Bank." (Before concluding that the World
Bank is out of step with the other forecasts, note that this
comment is aimed at the_miid-1990s level. It therefose agrees
well with the current ElA secastt])

This author cannot resist commenting, however, that if the EIA
forecasts lower price rises for natural gas in NERR-1984 than in
NEPR1983, the World Bank and other forecasts are likely to be
too high on fuel prices.

The World Bank forecast confirms other views that lower oil
prices of the past two years have been due to recession and that

improved economic activity will demand more oil, "---and a
resumption of a strong OPEC influence on the world pricing
structure for petroleum.” But the Bank expects in miid-1990s

Third World, poor countries to regain most of the economic
momentum they had developed in the 1960s. Despite conservation,
the Bank expects that the "long term dependence"” of industrial
companies on oil will not diminish substantially. After
inflation, the Bank forecast shows a real price increase of 18%
a yeas between 1982 and 1995.
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Like the EIA and others, the World Bank, "-—did not take into
account the potential impact of supply increases if the Ilran-
Iraqg war is concluded.” OPEC members will remain the main Oil
exporters because both U.S. and North Sea production should
decline.

The Outlook Bomoi<1983, by McDonnell Douglas, forecasts the world
economic prospects, including financial outlook and the energy

and jet fuel outlooks. In addition, it presents regional
analyses for Africa, the Americas, Asia-Pacific, Europe, and the
Middle East. It points out that the U.S. fared worse than the

world average in 1978-1982, that the recovery had already started
here (early 19833), and that it was expected to extend to Europe
in late spring or early summer, but remain modest. It is not
optimistic for world economic growth in the 1980s, compared to
the 19%®s, which was substantially lower than for the 196®s. For
the world growth rates in the 1980s, 1970s, and 1980s, they give,
respectively, 5.2%, 384 and 2.8%; and, for the U.S., 3.9%, 3128
and 2.4%.

The Douglas report includes a fairly thorough account of world
and fuel affairs from the 1978-79 oil shock, culminating in the
OPEC March 1983 London meeting and reduction of the OPEC marker
price to $2Z9/Mdl. But Douglas is doubtful the $29 price will
survive internal OPEC friction, lran and Iraq war financial re-
guirements, as well as an aggressive Soviet oil export position.
Although Douglas notes there are forces working to keep the $29
intact, they concluded (at the time of the report) that these
stabilizing forces are less likely to prevail. Nevertheless, the
Douglas crude oil price forecast bottoms out at $28.92 in 1983,
in current dollars, and at $27.64 in 1985, in constant 1983
dollars, $2 higher than the EIA forecast of NEHPRI983. Douglas
forecasts are shown in Fig.l@ for crude prices and in Fig.l1l for
Jet fuel prices.

In the Texaco Star, Nal, 1983, John K. McKinley, Chairman and
CEO, observes that, with world supply and demand in favorable
balance, the power of the oil exporting countries has been eroded
such that no single country, other than Saudi Arabia, can now
cause a world oil crisis. Free world petroleum demand has
declined from its peak of 52.@ MMBD in 1979 to 4%.3 MMBD in 1982,

In the Chevron Annual Report, "After experiencing some seven
decades of steadily increasing demand for energy, the industry
entered a new trend in 1®81,-and will likely be faced by only
modest growth in energy consumption throughout the remaining
years of this century.---Barring major geopolitical problems in
the strategic Middle East, still a large source of the world's
crude, we expect oil supplies to exceed demand for some time."

Atlantic Richfield: The free World oil demand of
45.5 MMBD Iin 1982 was 4% below 1981 and about 1238 below the
1979 peak of 52 MMBD. U.S. oil imports dropped almost 29% in
1932 to 4.2 MWBD, but still are more than a quarter of total U.S.
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oil demand. But in the dropping market, ARCO increased produc-
tion, largely in Alaska; Prudhoe Bay production should continue
at about 1.5 M#BD through at least 1987.

The Union Oil Annual Report marks their first year-to-year
increase in world-wide crude Oil proeductiiom since 1973. "TWe
estimate that a potential of 66 million additional barrels of
crude oil can be produced through the continued use of thermal
and tertiary enhanced recovery methods. These potential reserves
will be added to the proved category as enhanced recovery
projects are implemented.”

Marathon Oil Annual Report: ™"™@Im April, the company sold its
Canadian oil, natural gas and mineral interests, ending 34 years
of operation in that country. Government policies in Canada had
reduced the attractiveness of investment prospects there, and it
was evident that Marathon's resources could be utilized more
profitably elsewhere.”

Standard of Ohio (Amoco) Annual Report: "Qur 1982 experience
supports our belief that large amounts of hydrocarbons remain to
be found in the United States and the rest of the world."”

Shell Annual B (US) concludes that oil prices cannot be
predicted.

At Shell Transport and Trading's Annual General Meeting at Shell
CGattre, London, on May 19, Chairman Sir Peter Baanddll
commented, "maks the oil business, the agreement among members of
OPEC in March of this yeas on lower official oil prices, on
quality differentials, and on production quotas, checked some of
the widespread speculation on oil price prospects, and went some
way towards creating a climate which has, so far, prevented any
further significant decline in spot market prices. We cannot yet
tell whether the new price structure will hold: that depends on
whether it meets the aspirations of the various OPEC members and
whether it has brought the necessary degree of stability to the
oil markets.”

"It is still impossible to amalyse in detail what proportion of
the oil demand drop since 1979 has resulted from the economic and
industrial malaise of recent years, and how much from a permanent
change in consumption patterns. Thus we can only speculate on
the potential for demand revival.”

Gulf Annual Report states that Gulf is withdrawing from most of
Its businesses overseas. Like other U.S. companies, it believes
large quantities of petroleum reserves remain to be found in the
U.S. and that they can be developed successfully and competitive-
ly, with greater opportunity and security than abroad.

Exxon Annual Repeort notes that world pressures to reduce oil
consumption come from the recession, conservation, and fuel
substitution; growth of GNP is no longer tied directly to energy.
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"---Coal demand is expected to grow faster than oil demand over
the balance of this century. On the other hand, the outlook for
synthetic fuels has radically changed in a year’s time because of
their greater expected cost and the prospect for ample oil
supplies over the next few years.” (This may indicate Exxon’s
immediate view of their interrupted Colony Project-Ed.)

Exxon’s pamphlet, How Much Oil and Gas, of May, 1982, points out
how much experts have disagreed on the world’s oil resource
forecasts. “A good example was provided by the 1977 World Energy
Conference (WHEQ), at which twenty-seven petroleum countries,

government agent ies and individual consultants submitted
project imns . * Noting that the total world history of accumulated
oil production is 700 billion barrels, W s estimates of

remaining available oil ranged from about 3,090 to 7,80@ billion
barrels oil equivalent. Exxon’s statistical chart of these WEC
submittals is shown in Fig.12,

“Applying statistical analysis to those experts’ views indicates
the mean - or most likely - result to be around 4,50@ billion
barrels. It also shows a 95 percent probability that the
resource base was at least 3,000 billion barrels but only a 5
Bercelntrprobability that it could be as high as 6,50@ billion
arrels P

Additional perspective on the world’'s oil and gas production and
reserve situations are given by the two charts, Tables 1 and 2,
which show the range of the estimated world base and the
cumulative oil production by various nations. Table 2 shows that
the U.S. has still produced far more oil than any other country
in the world, including the USSR. The two charts together
indicate that the world still has a long way to go before its
presently proved and probable oil and gas resources are exhausted
at prices comparable to those today.

Figs.l3 and 14 show the rate at which world discoveries have been
made and production has been run. Before 1970, new oil
discoveries largely in the Middle East, were increasing the
world’'s reserves at some 20 to 30 billion barrels a year. Since
production rates were low, these discoveries led to a rapid
build-up of oil discovered reserves. After 1970 the situation
changed and production surged rapidly ahead of new discoveries.
Exxon concludes, “If world oil production holds steady or
increases slightly in the years ahead, the decline in the
inventory of discovered oil reserves is likely to continue. As a
result, oil production eventually will reach a plateau - probably
sometime early in the next century - and then begin to drop.”

Exxon points out that information about gas is less complete than
for oil, but notes, “However, present data indicate that,
incontrast to oil, the gas discovery rate stillexceeds the gas
production rate (Fig.14)). “Moreover, the world is expected to go
on building an inventory of discovered gas reserves, even with
projected steady increases in gas production, and is not expected
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Petroleum Supply Information, Arlington, VA, August 24,
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Supply Information, Arlington, VA, August 24, 1983.
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OPEC OIL PRODUCTION CAPACITY AND PRODUCTION
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FREE'WORLD AND OPEC OIL PRODUCTION
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Table1
World Oil and Gas Resource Base
(1981)
Biliiwns of
Barrels Oil Equirvalokt*
Remaining Proved Reserves 1000-1200
Probable Reserves 300-600
Té&al Remaining Commercial -
Reserves 1300-1800
Cumulative Production to Date 700
Thpall (Resowoes Discovered
to Date 2000-2500

Undiscovered Potential 1000-2500

Total Oil and Gas Resource Base 3000-5000

*hlelddss crude oil, natural gas expressed as its energy
equiddert in 62, and liquids fromit teg ges.
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CHAPTER 3

U.S. Energy

U.S. Total Enexes

Before considering future u.s. energy forecasts and impl icatimns
for aviation fuels, it is well worthwhile for aviation executives
to develop some concept of the total U.S. energy picture. |If for
no other reason, it will lead to an appreciation of how small the
aviation component is, and why development in other areas of
energy production and consumption can easily eclipse developments
in aviation. Aviation may be thought of as a chipmunk amidst a
herd of elephants.

This .famiiliaaity can be achieved conveniently by examining Fig.
3-1, “U.S. Energy Sources and Uses in 1882, which is taken
directly from (2-2), ElI's Emerqy Projections to the Year 2010.
Note that the units used are quadrillion Bdus, or Quads.

One Quad of energy is equivalent to about 172 million barrels of
oil, or a Quad equals 479,000 barrels of oil per day for a year.
A Quad is also equal to about 42 million tons of coal, or 95
billion kilowatt-hours of electricity. More conveniently, 1 Quad
equals approximately 1 Taff, one trillion cubic of natural gas,
@, one Quad equals 503,800 barrels of jet fuel per day for a
yeay, 2,112,500 gallons per day for a year.

Since U.S. domestic civil aviation used just under 10,800 million
%allons of fuel for the year 1982, that total annual need is met
y only 2,6 Quads of jet fuel.

Looking at the left side of Fig. 31, it is seen that total U.S.
energy handled for the year was 66.@8 Quads of produced domestic
energy plus 9.0 Quads of imported oil, @&.3 Quads of oil drawn
from stocks, (0.9 imported - 8.3 to stock=) @#.6 Quads of natural
gas imported, (plus ®.1 Quads of hydroelectric power from Canada
imported into the Northeast but, for convenience, included in
domestic hydlro) , minus 2.8 Quads of coal exported, and @.6 Quads
of coal added to stocks. This nets 73.3 Quads of energy consumed
by the U.S. economy in 1982, as shown above the bars.

Of this 73.3 Quads total U.S. annual energy consumption, the
19,600 million gallons (2.6 Quads) of civil aviation fuel amounts
to about 3.55%. Of the 30.4 Quads of total oil used by the U.S.,
838 was used by commercial aviation, up from 6% in 1980, report-
ed in Impact (I-1) . As also anticipated in Impact, aviation fuel
consumption remained about constant, while U.S. consumption of
energy and oil decreased. This drop in total U.S. oil consump-
tion, then, accounts for the aviation “growth” from 6% to 83 of
U.S. petroleum consumption. Of the 18.6 Quads of oil used by
U.S. transportation in 1982, 14% is used by airlines.
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to 73 Quads from the high of 78 Quads in 1980, this drop of 5
Quads is tantalizing when viewed against our 9 Quads of oil im-
ported in 1982, Unfortunately, the 5-Quad drop resulted large-
ly at a cost of inflation, recession, and unemployment. But
reasonable, economical opportunities remain for conservation, and
many of them will continue to be pursued because of the: high
price of energy now, relative to investments made and methods
used during the past decade.

Every barrel saved through conservation or increased domestic
production is a barrel deleted from imports. The true cost of an
imported barrel of oil is controversial and difficult to compute
because of many assumptions which must be made. Some economists
have estimated costs allocable to the U.S. economy at over $100
per barrel. The Georgetown Center for Strategic and Internation-
al Studies shows that this cost is much higher when we include
diplomatic and military expenditures made toward securing that
imported oil. Costs like $1@0/bbLk have been used to justify U.S.
incentives for ‘renewable” energy such as geothermal, wind, and
solar power, because of consequent reductions in oil imports.
Would that we apply the same principles to domestic gas and oil
production, where stimulation would have the same effect but, in*
addition, would depress world oil prices! We should stimulate
the elephants more than we do the chipmunks!

It is sobering to consider Transportation’'s use of fuel in Fig.
3-1, compared to consumption efficiencies in the other sectors, :
Residential, Commercial and Industrial. Of the 18.6 Quads pur-
chased by Transportation, only 2.2 Quads produced useful work.
The remaining 90% went to end-use losses. Of course, much of :
this loss goes irretrievably to the second law of thermodynamics, !
and to inefficiency of the Otto cycle in highway vehicles.
Nevertheless, the oil lost there ‘is just as real as that which
moved the vehicles. It can be seen why some are enthusiastic
about the opportunities for future savings, while others propose
replacing the Otto cycle with more efficient engines, such as the
Stirling cycle.

Some attention should be given to the electrical energy bar,
which is shown about top center in the chart, before energy
breaks out to its sectorial end users. The picture there is not
much better than in Transportation, with over 71% of the energy
used lost in producing and transmitting electricity. Again, the
second law of thermodynamics contributes. This bar also suggests
why economic incentives for co-generation of electric power and
process heat (reducing second-law losses) can be so attractive.
It also suggests one reason why electrical power is generally not
a good prospect for emerging nations. A second, parallel obsta-
cle is the cost of the electrical distribution system. So the
world should continue to remain heavily dependent on liquid
fuels, particularly the Third world countries.

U.S. Energy Prices
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From (2-2) , Emergy Projections to the Year 2716, “Demand for
energy in general is presently depressed because of the recess-
ion. The market for electricity is expected to recover first,
followed by oil and then gas. This phasing will produce inter-
esting relative price patterns. Although coal demand is also
expected to increase after a period of stability, huge U.S. coal
reserves are expected to keep significant price increases from
occurring within the projection period.”

Reference (2-2) points out that the past decade in energy has
been one of the most eventful in history because:

0 Oil-producing nations took control of assets and prices from
the international oil companies.

0 In 1981 domestic oil was deregulated. (It probably should be
added that the Windfall Profits Tax, WPT, was also instituted.)

0 With passage of the National Gas Policy Act of 1978 (N&)),
phased decontrol of gas began.

® The Staggers’ Rail Act of 1988 began reduction of ICC control
on railroad rates, expecting to raise coal costs.

0 The Three Mile Island nuclear accident is increasing the cost
of electricity and costs of new plants.

A revealing picture of U.S. energy prices is seen in Fig.3-2
(2=21, where average prices for electricity, crude oil, natural
gas and coal are shown historically from 196®, and are projected
out to year 20186. Note that these prices are in constant 1982
dollars. These prices are consistent with the EIA world projec-
tion of Chapter 1 and, in fact, show the projected price of
natural gas which produces ElI®'s base price of oil at $37/bbl in
199M. (Since natural gas contains about a thousand Btus per
cubic ft., the prices shown in Fig.3-2 per million Btu also
correspond to the price of natural gas per Mdf, which is how gas
is quoted and sold on the market.)

In the United States, the 1973 jump of oil prices only slowed
consumption growth temporarily. From 1975 to 1978 oil consump-
tion grew at 5% per year, about the same as during 1970 to 1973.
Despite a decline from 1973 to 197%, U.S. oil consumption in 1978
was almost 3@% higher than in 1970. The second price jump, 1979-
80, contributed to the recession and caused significant fuel
switching away from oil. Although natural gas remained largely
controlled, prices began to edge up in 1974 and have continued to
increase under the N@PA. EIA concludes that they will begin to
rise rapidly again in 1984 and continue to rise until 1988.

Increases in oil prices contributed to the increased prices shown
for electricity in the 1970s. Capital investments were also re-
quired to meet the anticipated high growth in demand for electri-
city. ddkdbntiortex2X ass for electrical generation is prohi-
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Ibhted- &y ddgalatian, so the new generating capacity added was
largely for coal and nuclear power. When prices for competitive
fuels increased, increased demand for coal permitted higher coal
production costs and wages, costs of lower labor productivity,
and stricter environmental and safety regulations to be passed
along to customers. This was particularly easy with pass-through
provisions for electrical utilities.

While coal prices doubled in the late 197®s, they remained low
compared to other fuels. Denied its past low-priced competition
in electrical generation and much industrial processing, natural
gas prices took off when the NGPA permitted high prices for natu-
ral gas with high production costs. Most low-cost gas in the
U.S. is still regulated at costs far below the market, much at 55
cents per Mdf. And much of it will remain regulated at that
level after 1985, when natural gas is supposedly “deregulated”.
So producers are presently selling their high-priced natural gas,
while holding regulated gas in the ground toward future deregu-
lation. One can scarcely blame them, since gas regulated to 55
cents is equivalent to oil priced at $3.20 per barrel. Natural
gas, Which had been competing with coal, has now been elevated to
a high-priced fuel and EIA predicts it will go relatively higher
in the future.

Although electricity is very expensive per Btu compared with
other forms of energy, electricity provides unique services,
often at a lower cost than other energy forms. Considering
Fig.3-1, electricity, as delivered, has already paid for its
thermodynamic and transmission losses. For efficient electric
motors, electronics and other uses, electricity is a "net™ form
of energy, compared to gross losses in combustion engines and
many industrial devices. (However, by the same token, electri-
city is a high-priced energy to use for low-grade applications
such as space heating.)

As the economic recovery progresses and demand for elecricity
resumes, more investments must be made in generating equipment.
Electricity prices are likely to increase until the late 1990s.
At that point, the price of electricity should stabilize. Gas
and oil may then account for only 5% of the fuel used in gener-
ating electricity. (Note, again, this is an effect of assuming a
high price for natural gas-Ed .) Demand for electricity should
double over the next 25 to 30 years, influenced by the relatively
higher rate of price rises for oil and gas. Since ,energy resour-
ce costs are only 30-4% of the cost of electricity, as compared
to over 73% for finished petroleum fuels, the price of electri-
city is not affected as much by resmurce price increases as are
the other fuels.

As shown in Chapter 2, world oil demand is expected to remain
relatively low through the mid 1980s, with no significant oil
price increases until the 19®0s. This means world oil prices

should increase 3-89 in real terms during the early 1998s, then
stabilize at about 4% annual growth rate through 201®. Prices of
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delivered petroleum products should follow well the trends of
crude prices.

EI1A now expects that natural gas prices will increase more slowly
than in NEPRI1983, so that gas should continue to compete with
oil through the 198®s. But the link between gas and oil is ex-
pected to weaken in the 1990s and gas prices should remain fairly
stable from 1985 through 1995. After 1995, gas prices are pro-
jected to increase because of deciminmg domestic production.

(This author observes that these results will occur by continuing
our present institutional constraints on natural gas. In a truly
free gas market, considerably more gas should be produced at
lower prices. But then the whole petroleum forecast and world
oil prices would also be changed!)

Transportation Emerqy

Still liberally referring to (22), about three-quarters of
transportation energy is used in cars, trucks, and other road
vehicles. The remaining quarter is used in air, rail, and marine
transportation, and in powering oil and gas pipelines. The fuel
used in pipeline transport is expected to. remain fairly stable.
(Editorially, if gas pipelines are converted to common carriers
from their present private status and gas thereby becomes a

fumgible commodity in the U.S., gas pipeline traffic could in-
crease considerably, along with the consumption of natural gas.

Oil pipeline transport would drop at the same time.)

(2-2) correctly notes that, “Jet fuel demand has also remained
stable with efficiency gains balancing increased air traffic.
This trend too is expected to continue.”

“The use of energy by motor vehicles is not only the largest
transportation use, but also the most interesting. Because of
improvements in both the design and mechanics of vehicles, it is
estimated that the road miles per gallon (as opposed to Environ-
mental Protection Agency estimates) of new vehicles has increased
by as much as 85 percent since the early 19/20's. This has trans-
lated into less than a 2-miile-per—gallen improvement for the
entire fleet, however, because of the slow turnover of vehicles.
Despite these improvements, it is estimated that only about 20
percent of the Bxwfs contained in the fuel is actually being used
to provide transportation services.” Highway fuel and vehicle
economy are discussed in more detail in Chapter 4.

“Unlike the other sectors where the expansion of the economy more
than compensates for demand reductions, transportation sector
total demand actually declines until 1995. At this point, the
rate of demand reductions per year slows and transportation
energy demand increases .?

Doneativekatigy Production (EIA Projections)
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"The United States has been endowed with both an abundance and a

variety of energy resources. Therefore, historically most of
this country's energy needs have been met with domestically
produced energy. In fact, United States energy production was

over 9@ percent of consumption in the 1®980's, fell slightly below
80 percent in the 197#0's and is estimated to have increased to
about 9@ percent in 1982, This pattern of relative self suf-
ficiency is expected to continue. |In fact, after a brief in-
increase as a result of the economic recovery, U.S. net energy
iImports are expected to decline throughout the projection
period." (2-2)

Note that U.S. net energy imports decline because of increasing
coal exports. Oil imports decrease through 1983, but rise
sharply through 198%, then decline again, as shown in FHig.3-3.

"Each form of energy has unique characteristics which affect
production. Oil and gas production is mostly limited by the
volume of proved reserves.”" (Ed-Traditionally, that is. More
recently, oil production responds to market price, while gas
production has been restrained by use restrictions and price
ceilings on various classifications of gas.) "U.S. coal re-
serves, on the other hand, are so plentiful that production is
primarily limited by domestic and international demand for U.S.
coal. Nuclear and renewsdiles are generally capital intensive,
with production limited by the technology's cost
competitiveness." (2=2)

El®N's predictions for total u.s. domestic energy production are
given in Fig.3-4, including oil, gas, coal, nuclear, and renew-
alifles. They anticipate a small drop in domestic oil production
between 1980 and 198%, holding about steady through 1996, another
small drop to 1995, and then steady out through 2016. On aver-
age, this amounts to a 1-to-lL.5 percent decline per year for the
next 16 to 15 years. Based largely on industry actions and com-
ments, this author is more optimistic than EIA on future domestic
production, as discussed later in this chapter.

This EIA forecast shows steadily falling natural gas production
throughout the thirty years 1980-2010, decreasing to about 5@% of
present production by the end of the'peried. This is an insti-

tutional limitation, not a physical or mrsebres\ZusMcniian.
Today, U.S. gas production capacity Is considerably higher than
demand. Production is limited due to restrictions on the use of
gas as well as low price ceilings held on various classifications
of gas. Some analysts conclude that present ULS. gas production
could be increased 50% by year 200®, based o-present_reserves

and information.

If institutional reform should improve that picture, or if a true
free market is permitted, this author contends that considerably
more gas will be found than presently identified (and additional
gas will be acknowledged which is not inventoried under today's
conditions). In the opinion of many, including this author, U.S.
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gas production could be increased at least 5% by 2900.

Such a conclusion is not a casual one. It is difficult to visu-
alize the magnitude of U.S. energy consumption. As shown in
Fiig.3-1, natural gas supplies about one-third of U.S. energy.
Although natural gas (methane) is lighter than air and is often
used to fill children’s balloons, according to the Department of
Interior, the U.S. consumes more tonnnage of gas than the tonnage
of concrete it uses each year. Yes, that is concrete, not just
cement; it also includes weight of the sand and gravel used in

making concrete.

So an increase of 5@ in U.S. natural gas production cannot be

taken lightly. In fairness it should be noted that, while many
believe production can be increased that much, there are others
who think it unlikely. Interested readers may wish to refer to

Chapter 6 in lmppadt.

HEsedso =t Sistee=od ol andga3 teguawion and tax disincen-

tives in this ayantmybrandiix the ahsemce of any remedial action,
udﬁess&\i—stmgsdle]aerrﬁ*ﬂmstic gas production could

e

prevail. But, in NEOEL1984, the EIA expects to show a more favo-

rable outlook for natural gas, both in lower prices, and in high-
er demand because of less industrial switching from-gas to oil:

Referring to Fig.3-5, the present NEH1983 forecast for average
U.S. natural gas prices (which range from below $0.3@ to above $9
per million Btu, or per MA€f), gas prices in 1982 dollars are

expected to rise from $2.50/Mcf today to $5.18 in 1988, then
level off beyond 1990. But EI®XN's unofficial expectation for

NEEPP 11984, pjﬁi%isting legislation, is that the price
should rise to only .30, as shown. Consequently, there will be
less switching from gas to oil, oil consumption in the U.S. will
drop and, instead of rising to $37/bbl (1982) in 19909, the world
price of oil will rise to only $33.

It must be emphasized that this projection is not only unofficial
at this time, but that circumstances and analysts’ conclusions
may change before NEFR-1984 is released in the fourth quarter of
1984.

EIA has estimated the effects of other natural gas legislative
scenarios in DIEZEPBAO366, The Natural Gas Market Through 1990,
"An Amdbssis of the Natural Gas Poticy a=t—amum Scvillkl Alterna-
tives, Part 1Vv,”™ March, 1983. But all of these studies continue
the present practices for buying and selling gas, with individual
pipeline suppliers maintaining their contracts with individual
final distributors.

That is, gas prices retain their wide regional and local varia-

tions. In addition to price deregulation and use deregulation,
probably more important than price deregulation, pipelines RISt
be given common carrier status in order to dissolve boundaries
between private preserves. Until that occurs, or a competitive
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national system for distributing liquid natural gas evolves, in-
dependent of the pipelines, gas prices will remain at the mercy
of the pipelines, just as freight prices were at the mercy of
railroads earlier in the nation's transportation history.

Natural gas prices, production, and even reserves are so inex-
tricably bound by legislation and regulation today that further
comment is deferred here and the subject is treated more thor-
oughly in Chapter 6.

Coal is the Gdriited States' most abundant fossil resource. Des-
pite its environmental problems, the EIA expects coal to serve
strongly in the important energy transition of the next thirty
years. Coal-generated electricity will increase until after
2000, when nuclear and renewable sources are assumed to carry
more of the burden. Coal production will depend on the dynamics
of coal demand, but existing mines and transportation should be
able to deliver about 1.@8 to 1.2 billion tons of coal per year,
which is 179375 million tons greater than 1982 production. (2-2)
Coal producers can deliver this projected 3@% increase in pro-
duction by 1990 with little or no expansion in their present
capacity.

EIA notes that some coal reserves could prove uneconomic to mine
due to their location under cities or highways, high state
severance taxes, or strict environmental laws. However, they
conclude that only 50% of the U.S. coal reserve will be able meet
the projected demand.

This tremendous supply of coal and the low prices shown in
Fig.3-2 suggest other thoughts to this author. With recent
developments in fuel-synthesis catalysts and their promising
future, one can imagine that the cost of synthesizing liquid
fuels, even Jet A, may become competitive within this time
period. Since prospects for some of these catalysts indicate
that facility costs for synthesis plants may drop significantly,
the development <cycle time may be shorter than one would
otherwise assume.

Further, if synthesis of liquid fuel from gases becomes econom-
ically more practical, in_situ _coal gasification might be used in
coal seams which are =ztheswsse too tilted, thin, fractured,
layered with rock, or at depths where conventional mining is
uneconomic. This technique could not only produce fuel from
cheaper coal, but add to the available resource stock of coal.
These conjectures are certainly nothing which one should count
on. But they are possibilities which may become distinctly
possible. While there are few technological developments which
now suggest feasible solutions to our U.S. liquid fuel problems,
there is always the possibility, even the likelihood, that
technology may open some other degrees of freedom which are not
now considered feasible and therefore not included in current
forecasts.. Further discussion is included in Chapter 7.
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EIX's nuclear power projections are based on plant by-plant
analyses which are updated each year. This year's projections
are lower than those of the past because of several years without
new orders, slowdown in construction, and cancellation of some
nuclear plants as much as 3% completed. Much of this action
stems from lower demands for electricity than had been projected,
financial burdens, and higher construction costs. Much of the
higher costs result from increased safety requirements due to the
Three Mile Island experience. As demand for electric power re-

sumes during the late 198®0s, some new nuclear plant orders may be
placed. Nevertheless, a fairly young nuclear authority recently
commented on ThAchdnelb-d-bdhrer Report, PBS, that she does not ex-
pect any new U.S. nuclear plants will be started and completed

during her lifetime.

For the purpose of the NEPR-1983 projection, EIA assumes existing
nuclear policies and programs. |If some of the Administration's,
or other, nuclear-related proposals to Congress are successful,
the EIA midrange projections could be improved. Several commer-
cial fast-breeder reactors could be in operation by 2016, but
would not have an appreciable effect on total electricity supply.
Beyond 2010, breeder reactors and fusion could become increasing-
ly important to U.S. and world electricity production (if capital
costs for fusion are more attractive than for fission-Ed.)

Renewable energy can be used to generate electricity in either
central powerplants or directly by end-use customers. EIA con-
siders only power generated in central powerplants; they conclude
it is often impossible to determine the conventional fuel which
would be replaced locally by renewsdiles. Applications and effic-
iencies vary too widely. For example, if renewably-generated
electricity is used to replace efficient heat-pump heating, the
replacement of utility power is about one-for-one. |If the re-
newable replaces electrical resistance heat, then one unit of
renewable may replace three units of primary utility power. So
the replacement value of renewalles is almost always understated
(as is conservation of energy-Ed).

Almost all central-electric renewable production in 1982 was from
hydroelectric plants. EIA notes that the potential for increas-
ing hydroelectric's contribution is severely limited by availa-
bility of sites. They expect the next significant renewable form
will be wood, but that it will not penetrate the market grezitly.
If the prices of oil and gas increase as ERPAgrojects, then
neeate widgswoEsmomalic and perhaps solar central-electric
technologies will become viable. By 2018, these contributions
could equal or exceed hydroelectric production.

A s central-resvewalles a r e hydiro-deminated,, dispersedireaesvalblioss
are dominated by wood use, largely by the pulp/paper industry
using waste as a source of process heat. Outside this and
related industries, the high costs of harvesting, transporting
and processing wood or other biamdss energy sources are generally
strong constraints to economic use of biomass. Sanitary land-
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ratio of E/GNP has declined rapidly, and continues to decline in
the U.S. and worldwide.

Another example is the M@, minimum operating inventory which the
U.S. must have on hand for processing crude oil to finished
products. In recent months, reserves were drawn well below
danger points which have long been established and accepted as
inviolable. But with higher prices and interest rates expediting
action, no shortages developed in products in any part of the
country. Now the National Petroleum Council is developing new,
lower levels for the WOl

It does not appear unreasonable to question whether the ratio of
production/reserves may have been changed by this same price

rise, andim e r e st r ate s . High interest rates raise
the cost of proving reserves in advance of their production.
Since the oil exploration-development-production cycle covers

over ten years, results are not necessarily apparent as soon as
prices rise.

This author believes significant evidence has been seen in trade
literature and in oil company annual reports so that, contrary to
the EIA declining projection, U.S. domestic oil production has
already started to increase and will continue to increase. It
may soon exceed the record production level of 1976. And it
should not be a short-term phenomenon; proven reserves are expec-
ted to increase, backing up the increased production. (But that
conclusion is necessarily speculative; proven reserves are only
those which already have been proven.)

Some company annual report comments which may be pertinent to
future U.S. domestic oil reserves and production:

It is now much less expensive to drill wells in the U.S. than in
1981-82; companies report costs have dropped by 1/3 to 1/2 in
some cases; there is a surplus of drilling rigs. While most com-
panies report 1982 exploration and development investments are
down from 1981, they are still above 1986 and the number of suc-
cessful wells has increased.

The Santa Maria Basin off-shore California is the largest domes-
tic find since Prudhoe Bay. It has been confirmed as a giant
field, 300 to 500 million barrels. Some believe that the Bering
Sea promises finds as bright as or exceeding the North Slope.
While the Baltimore Canyon has been disappointing in oil to date,
it offers much gas promise; farther from shore and southward
appears promising. Deeper horizons are looking good in on-shore
fields, while EOR may finally blossom with carbon dioxide piped
1’59 ITdean from Colorado, and newer €03 finds near and in the oil
ields.

One company reports, "We estimate that a potential of 608 million
additional barrels of crude oil can be produced through the con-
tinued use of thermal and tertiary enhanced oil recovery methods.
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These potential reserves will be added to the proved category as
enhanced recovery projects are implemented .t  Several companies
advise that for the first time since the 1978s or 1966s, their
domestic proved reserve additions have exceeded annual produc-

tion. One company comments, “Our 1982 experience supports our
belief that large amounts of hydrocarbons remain to be found in
the United States and the rest of the world.” (Admittedly, how-

ever, many of these promises must pan out to offset declining
output from producing wells; Prudhoe Bay is expected to begin

production decline in the latter half of the 199Ds.)

Several companies increased their domestic proven reserves over
1982 and some have set goals to continuously increase domestic
reserves through this century, while at the same time increasing
domestic production. One company replaced 3.5 times the gas it
produced during 1982. (Even though gas is not a very attractive
commodity-Ed.) Other companies have decreased or suspended
foreign resource development in favor of increasing domestic
operations. (When foreign oil was cheap, U.S. producers typi-

cally moved their efforts abroad; since the large increases in
OPEC prices, domestic sources are comparatively more attractive
again. By the same token, much U.S. activity has pulled out of
Canada because of unfavorable Canadian regulations and taxes.-Ed)

"Our best estimates at Shell indicate that - given sufficient
funds and access to the most promising areas - the industry has
at least a 50-5@ chance of finding oil and gas equal to twice the
existing U.S. reserves.” Others report that large quantities of
petroleum reserves remain to be found in the United States; the
atmosphere is remarkably different than that three to five years
ago.

But finally, in fairness, the American Petroleum Institute annual
forecast was reported in The Oil and Gas Journal, September 19,
1983: “APIl: Don't be Complacent About Oil Supply.” It warns that
the U.S. is in danger of slipping back towards its dangerous
position of the 196@s. While noting that the U.S. has made much
progress, by the end of the century more than 7% of U.S. domes-
tic oil must come from fields that have not yet been found. As
seen in Fi.3-6, taken from the OGJ, API shows not only the mag-
nitude of this task but that, ea=z with its accomplishment, U.S.
oil production is still predicted to decline steadily from today
until 1995. This author has the temerity to believe otherwise.

The IXilawk Exegp Falli e ran (NERR-1983))

Having reviewed U.S. energy demand, supply and pricing prospects
for the future, it could be appropriate here to review the policy
and tactics highlights of NEHRI1983, which is a report to the
Congress by the U.S. Department of Energy, required by Title VIII
of the Department of Energy Organization Act (Public Law 9%-91).
However, that plan can be stated very briefly: The Government
intends to let free market forces determine energy activities in
the United States.
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U.S. RESOURCE AND AVERAGE ELECTRICITY PRICES
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U.S. INDIGENOUS ENERGY PRODUCTION
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The Outlook for U.S. Oil Production
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u.S. Auttomadtive Fuel

As shown earlier, automotive vehicles consume about
three-quarters of transportation fuel used in the United States.
Consequently, developments or events involving automotive fuel
usage are likely to affect aviation fuel supplies, prices and
destinies more than many major events in the aviation arena. It
is therefore appropriate to outline here the main features of
automotive fuels in the U.S., as well as projections for their
future.

Much of the information here is taken directly from an excellent,
comprehensive report by David L. Greene, Transportation Energy
Group, Oak Ridge National Laboratory, DOE, which was presented at
the Energy Information Administration Petroleum Suwpply
Information Sympmosimm in Arlington, VA, August 24, 1983. For
simplicity, only other sources will be referenced, so the reader
may conclude that all unreferenced charts and information come
from that source. In fact, this account is essentially a digest
of Greene's report; this author does not differ with his
information or conclusions in any respect, and selects it in
preference to other highway analyses or reports on the subject.

Again, like the previous EIA material presented on world and U.S.
emexgyr, this picture of the automotive fuel market is consistent
among its own components, as well as with the earlier world and
national pictures. It is the source for automotive inputs into
NHBPP 11683,

As indicated by Fig.4~-1, U.S. automotive vehicles consumed 100
trillion gallons of gasoline and 15 trillion gallons of diesel
fuel in 1981. Other fuels, such as ethanol, methanol, LPG, CNG
and LNG were used in such small quantities that they do not
register on this scale. They are discussed in Chapter 7.

Fhiig.4-1l also shows that gasoline consumption reacted somewhat to
the 1973-74 crude oil price rise in Fig.4-2 (Imppatt), but resumed
its climb, virtually unabated, until the second price shock of
197/9-80. At that point, gasoline consumption began a steady
decline at about the same rate with which it had so recently
grown. The gasoline consumed in 1982 was slightly lower than
that of 1973.

By contrast, highway uwese'of diesel responded very little to
either price rise and its consumption growth has continued at
almost a constant rate. By 1981, diesel consumption was
50% greater than in 1973. Diesel fuel consumption therefore
seems to be less sensitive to fuel prices than is gasoline, for
reasons which will become apparent. As also will be seen, the
extent of future fuel switching from gasoline to diesel fuel in
automobiles and light trucks is the most important factor in
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determining future diesel trends. In turn, this .outlaak is one
of the most important considerations for aviation because of the
close relationship between diesel fuel and Jet A; they both
compete for the same fraction of the crude barrel.

Rather than keep aviation readers in suspense, it will be said
here at once that, perhaps surprisingly, it—msmot expewilid that
dieselization trucks and automobiles will continue
to graw in the future; fulteregrawl et Sendl—cotupEan | S
expected to=xs=w =s=sneliyas heanallelmape=ss the GNP and to
pre senmt  won api gue—time®t to_future aviation fuel. The reasons
for this conclusion WIIll be fiidvailiwstoated. As in all other
forecasts, particularly those concerning energy and fuel, this
conclusion is subject to all the caveats which have already been
expressed. But, if world and national economic, political and
social trends continue as assumed, this conclusion is an
unusually firm one.

Past Trends

About two-thirds of energy used for all types of transportation
in the U.S. is from gasoline and almost all of that (97.5%) is
used on the highway. Since now, as will be seen in more detail
later, nearly all heavy highway equipment is diesel-powered,
gasoline trends may be developed from trends in automobiles and
light trucks together. They account for more than 9@% of total
gasoline used.

For perspective, in 1981 U.S. domestic aviation used 538 million
gallons of gasoline, or about only 0.3®% of that used by
automotive vehicles. Jet fuel, at nearly 10 billion gallons in
1981, was about 8.28% of the fuel used by automotive vehicles. As
seen in Fig.4-3 (2-4), jet consumption is about 8®% the amount of
diesel fuel consumption. In this chart, both jet fuel and diesel
grow very little from 1983 to 1990, while retaining about their
same relationship. However, since gasoline demand is expected to
decline 202288 in the same period, both jet fuel and diesel will
become larger percentages of the national transportation fuel
used.

From 195@ through 1973 U.S. gasoline use grew at an average rate
of 4.7%. It had declined only twice in U.S. history; during the
Great Depression and again during WNYm. But, since the great
crude oil price rise of 1979, Fig.4-2, gasoline use has declined
for four straight years, the longest downturn on record.
(Gasoline consumption is expected to decline on out for the rest
of the century.)

Not all of this decline has been due to the high price rise.
"Government fuel economy standards, a weak economy, and
dieselization have all played important, interrelated roles.”
But price has been the pervading, underlying force behind this
trend.
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While gasoline was 35 cents/gal in 19789, we tend to forget that
was about 9@ cents in 1982 dollars. From Fig.4-4 it can be seen
that the real price of gasoline today is still only about 14®% of
its real price in 1970.

As gasoline prices were fluctuating in FHig.4-4, beginning in
197%, new car fuel economy began a steady climb, as shown in
FHig.4-5, so that the cost of fuel per mile was affected as shown
In Fig.4-6. So, for ner car drivers, fuel cost/mile peaked in
1974 and shows no signs of returning to that level. It is now
the cheapest on record, about 4.4 cents/mile and almost 3@ below
1969 levels. All this fuel-consumption information is based on
EPA combined fuel economy for new cars. Since on-road experience
has generally been 10-2088 worse, all these figures should be
adjusted by that amount, but the relationships remain. The cost
of fuel in new cars is very low today, relative to any point in
history.

As seen, the story is somewhat different for the total vehicle
fleet, where the highest cost peaked in 1986, not 1974. Since
then the fleet cost has dropped from about 9 cents/mile to 7.7
cents/mile. This is still not much above the 1969 level of about
6.8 cents/mile. Even though stock turnover is relatively slow,
the newer cars continue to have better fuel economy and the real
price of gasoline is continuing to drop. The fleet average cost
for fuel therefore should soon drop below that for 197@.

"In the short run, consumers respond to higher fuel prices by
cutting back on vehicle usage.” Although seasonal trends tend to
swamp non-seasonal trends, this influence was confirmed in 1979
and 1980, when the price of gasoline rose by 50%. Interestingly,
an econometric study showed that the use of vehicles of different
sizes responds differently to changes in gasoline price. Use of
small cars drops only half as much as for large cars, while light
trucks fall about midway between the two. Total vehicle miles
grew at about 4% per year until 1979, but has held about constant
since that time. The decrease in total gasoline demand since
]fll979 is therefore attributable to better fuel economy in the
eet.

"Since 1979 lagging sales and reduced scrappage have retarded
stock efficiency improvement... Had 1979 rates of sales and
scrappage prevailed in 1982, the change in vehicle stock fuel
economy might have been 3@% greater than it was.”

Fuel economy of new cars had been slowly but steadily declining
until 1974, when gasoline prices abruptly rose by 35%. Congress
passed the Energy Policy and Conservation Act of 197%,
establishing Corporate Average Fuel Economy (CAFE) standards.
This combination of high prices and new regulations
revolutionized fuel economy interest in the car market. "Since
1974 new car economy has been increasing dramatically,” Fig.4-5.
It almost doubled from 1974 to 1982.
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But now, ™...it appears that the steady march of improving new
car economy is in jeapardly.®” For the first time, both GM and
Ford are predicting that they will not meet the CAFE standard of
26.0 mpg average in 1983, falling below by about 2 mpg. Chrysler
expects to achieve 27.5, while AMC. projects 3I.6. After
factoring in all the weighted expected sales of domestic and
foreign models, Greene concludes new car fuel economy will
decline for the first time since 1974.

Part of the impressive new car fuel economy shown in Fig.4-5 is
preference for smaller cars. Most, however, is due to
engineering and manufacturing changes, and most of that due to
decreased car weiqght within car classes. From 1978 to 1981, the
average inertia weight of new cars reduced from 3627 to 3155
pounds, 472 pounds, or 13%. Of the total fuel economy
improvement, 5% was due to this weight reduction. The next most
effective change was reduction in performance and engine power,
thereby reducing the horsepower/weight ratio by 9%. This reduced
fuel consumption by an additional 18%. Improved automatic
transmissions and more use of manuals accounted for a further
13%; improved aerodynamics for 9%; and increased use of diesel
engines contributed the final 6%.

Very little improvement is from technological advances; most is
due to downsizing, performance reduction and changing of
transmissions. Greene concludes these improvements are largely
reversible and, in a declining fuel price picture, could lead to
a swing in customer preference, making the future difficult to
predict with confidence.

He also points out that, "While total use of distillate fuel is
now 15 percent below its 1973 level, transportation use of
distillate fuel has increased substantially. Transportation
consumption in 1981 was over 20 billion gallons annually, a 38
percent increase over 1978, 1982 data will be only slightly
lower than 198L. "Virtually all this increased importance has
been a result of expanding use of diesel fuel in highway
transport.” His historical record of this growth is shown in
Fig.4~7. "According to Federal Highway  Administration
statistics, highway use of diesel fuels more than tripled between
1965 zénd 1982.™ Non-highway use increased about 5% in the same
period.

The importtamt thisyr—isgthat, "Within the highway mode heavy
trucks use almost all the diesel fuel. Although virtually all
buses with the exception of school buses use diesel fuel, total
bus use amounts to only 3.3 percent of total transportation
distillate use. In 198®, automobiles and light trucks accounted
for only 2.7 percent of transportation distillate, but their
usage has been growing rapidly. Diesel use by automobiles and
light trucks was probably twiow the estimated 198@ level in 1982
and will appreoach three times that level in 1983. Because autos
and light trucks consume almost seven times as much gasoline as
all diesel fuel use by heavy trucks and buses, even relatively
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trucks." Accounting for differences in consumption rate and
mileage, heavy duty vehicles still account for less than 1/5 of
total highway fuel use. Only 2% of the present light vehicles
use diesel engines. "The potential for light duty vehicle
dieselization is obviously enormous.” This 2% of light vehicles
in 1983 will probably consume 7-1084 of total highway diesel fuel
use. ". ..Dieselizatiiom of 25 percent of light duty vehicles
would double highway diesel use.™

"Sales of diesel automobiles and light trucks did not become
significant in the United States until 1978 (Fiig.4-8) and they
peaked in 1981 as units. About as rapidly as they rose, diesel
sales declined in 1982 and 1983 as gasoline prices declined and
the price advantage of diesel fuel was simultaneously reduced.”
See FHig.4-8. If gasoline prices rebound, diesel sales should
pick up, but how much of the market they can capture depends not
only on economic factors and customer preference but also
on..."the largely unresolved environmental issues surrounding
light duty diesel particulate emissions. Row these two factors
develop will determine whether higihway diesel fuel continues its
rapid growth or stabilizes, growing at or close to the rate of
the GNP."

™1f one assumes that new car fuel economy improvement is
responssible for about 6@% of fuel demand reduction to date,
reduced travel and operational efficiency improvements about 25%,
and smaller vehicles about 15%, then it is possible to crudely
estimate that the 'reversible' portion of the fuel economy to
date...no more than one-third of demand reduction to date can be
attributed to technological improvement. Indeed, probably a
great deal more than two-thirds is reversible by persistently
lower fuel prices.”

"The omly factor holding down demand is the still substantial
difference (about 10 mpg) between vehicle stock and new vehicle
economy... If lower prices persist for any substantial length of
time (such as occurred in 197%78) new car fuel economy
improvement will stop and may even decline. If this occurs,
vehicle stock economy will be insufficient to restrain demand.
In contrast, diesel fuel use has increased rapidly during the
past decade despite price increases equal to those of
gasdline,. .. (bhutt) the historical rate of iIncrease in diesel
consumption can only be sustained by dieselization of medium and
light trucks and automobiles. Recent diesel sales declines in
each of these vehicle types is indicative of the fuel price
sensitivity of diesel market shares for lighter vehicles.”

"Withw/sumstamial pearoheun prifie il cames tm sear Ltight—duey
v e h i c I e d i e S e I i use od
diesel fuel will grow flistsew=sh@nethaeconamy < a whole."
(BmpEasis—added=Ed) .

This chapter assumes that U.S. automotive equipment will continue
to be powered by the conventional fuels, gasoline and diesel.
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Alternative automotive fuels such as LPG, CNG, L8NG, methanol,
ethanol and hydrogen are discussed in Chapter 7.
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Automotive Fuel Bcomawmy Trends 1466-1985
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Chapter 5
Aviation Fuel

The U.S. aviation jet fuel consumption history from 1970 through
1981 and projection from 1981 through 1998, which is consistent
with the DOE Energy Information Administration (E1A) world, UW.S.
national, and U.S. automotive fuel projections of Chapters 2, 3,
and 4, was shown in Fig. 4-3, and is repeated here as Fig. 51.
This chapter discusses that forecast in comparison with forecasts
from the International Civil Aviation Organization (ICA®), the
FAA’'s Current Market Outlook, projections by Boeing and beuglas
aircraft companies.

The ICAO forecast reviewed here is that presented to the 24th
Session of the ICADO General Assembly, September 20-October 18,
1983 in Montreal, as Agenda Item 19: Future Availability of
Aviation Fuel. During agenda review, the paper was i1dentified as
(Working Paper) A24-W»/9. The U.S. Position was that, "The U.S.
shall support A24-Wm/9. The U.S. Delegation supports ICAO'S
continuing efforts to monitor the aviation fuel situation.” The
U.S. Delegation does comment:

“Paragraphs 15 and .17 of A24-ANP/® present logical expectations of
fuel availability, aviation fuel conservation and future fuel

prices. In paragraph 18, however, the World Bank was referenced
as having assumed that there would be no change in real price
between 1982 and 198%. Prices have since fallen and, in the

absence of some severe disruption in world crude oil supplies, are
expected to remain soft until and when the world economic recovery
increases its demand for fuel, in probably two or three years.”

“There is a potential risk which A24ANP-8 does not mention. In
case of a severe disruption of world crude oil supplies, many
analysts believe that the price of crude oil will double. In the
recent International Energy Agency (EEA) exercise, Mlbcatiaon
System Test 4 (ASSF4), in which the U.S. supply wass reduced
hypothetically by one million barrels per day (about 6%), the
price of crude oil jumped to $98 per barrel. States should be
aware of this potential consequence and remain alert to the
possibilities for interruption of world-wide crude oil deliveries.”

With respect to ASM4, Chairman PRHilllip R. Sharp, House
Subcommittee on Fossil and Synthetic FuwelS, in opening the hearing
of June 30, 1983, commented, “In a simulated oil crisis, under
which the oil sharing arrangements of the IEA were triggered, the
hypothetical price of oil rose to $98 per barrel. An SPR drawdown
policy that handles an emergency by tripling oil prices, even
temporarily, is a prescription for disaster.”
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relieve pressure on demands for oil and ease long-term aviation
supply . (This is contrary to ElMN's NEHPR1983, which forecasts
more U.S. switching from natural gas back to oil-Ed.).

It notes that aviation fuel requirements are relatively small
compared with total world oil requirement, but, ™...expected to
increase at a higher rate than the overall demand for oil, mainly
because air transport is expected to continue to grow more rapidly
than the world economy. " Significant improvements in fuel
efficiency are expected for air transport. “Previous assessments
that improvements in fuel efficiency could approach 20 per cent
over the 1980 to 1990 period and that further improvements of the
same order should be possible in the 1990s (Circular 149-AT/52
should be achievable, given the resumption of traffic growth and
associated fleet modernization.”

It finds no instances of unfair or discriminatory practices in the
supply of fuel reported since the last Assembly.

Referring to the International Energy Agency (lIiEA) forecasts, ICAO
expects, ®. . .real oil prices to fall at between 3.3 and 3.9 per
cent per annum between 1980 and 1985. After 1985, the range of
anticipated price trends extends from a constant real price rise
to a rise of 3 per cent e annum. Under these wvarious
assumptions (and others related to economic growth and oil
supplies), the IEA study concluded that an imbalance between
supply and demand for oil may appear in the second half of the
1980s or in the 1990s, leading to further price increases and
market disruptions.”

The ICAO paper notes that World Bank did not expect the fall in
oil price in 1982 to affect the long-term upward price trend,
¥ .whidh was determined principally by rates of economic growth
in industrial countries and oil production level. The World
Bank's ‘most likely’ assumption was for no change in real price
between 1982 and 1985 with increases of 2.5 to 3 percent annually
thereafter.” These rates derived from tEA and the World Bank are
shown in Fig. %2 to compare well with the EiA forecast.

ICAO concludes, "These anticipated developments may be expected to
result in adequate supplies of aviation fuel being available at
price levels which will not seriously hinder the growth in air
transport over the 1980s and 199®s.” By including the caveat on
the probability of world crude oil disruption, this author agrees.

EAA Fuel Forecasts.- 1983-1984

Because of the 1981 controllers’ strike the release of FAA'S
Aviation Forecasts has been moved from its traditional October of
each year .to the following February. Consequently, the 1983 issue
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was released in February 1983, while the 1984 issue will now be
released in February 1984. Each is more practically indexed to
its previous year; that is, the 1983 issue is necessarily based on
1982 data. This shift should therefore be noted as a change in
timing between the previous FAA data reported in the Impact report
and this report on U.S. Energy: Aviation Perspective.

FAA’'s forecast of the Gross National Product, Consumer Price
Index, and Fuel Price Index are based on analysis of forecast data
from Chase Econometrics, Data Resources, Inc., Evans Economics,
Inc., and Wharton Econometric Associates. “Aviation activity is
expected to reverse three straight years of losses in 1983,
reflecting a return of the Air Traffic Control normalcy and an
upturn in economic activity.” There is some argument as to
whether the ATC has returned to normalcy.

Actually, airport arrival and departure capacity is still limited
at some locations. But the FAA has redistributed its controller
manpower to completely restore capacity in all the enmroute centers
(Air Route Traffic Control Centers - ARTOUs) and at all of the
high-volume airports. Airport operating capacity continues to be
limited by the runway and facility capacities of some individual
large terminals, but not by ATC. At some of the smaller airports,
commuter and private flights may still experience some capacity
inconvenience due to manpower shortage. But in the scale of
national aviation fuel consumption, it is fair to say that the ATC
system has fully returned to normal.

FAA's 1983 Forecast, however, could not foresee the 1983 lower
rate of economic recovery, developments in the airline
bankruptcy/labor interruptions, or effects of below-cost fares on
airline revenues. The Forecast therefore predicted that the GNP,
adjusted for inflaticn \woanlcfggow at an average rate of 3128 from
1982-1994 and domestic air carrier revenue passenger miles would
increase at 5.1 percent annually from 1982-1994. The number of
operations (flights), however, has expected to grow by only 1.8%,
due to shift toward larger aircraft and longer trip lengths (for
the air carriers; commuter carriers are classed with general
aviation). The Forecast assumed a full economic upswing by 1984,
with economic growth expected at between 3.4 and 5.0%

Commuter carriers were forecast to enplane 5388 of all fare paying
passengers in 1983 and, by 1994, to increase their share to 8.1%.
Commuters and air taxis were expected to nearly double the volume
of their operations between 1982 and 1994. Nevertheless, because
of short ranges and small aircraft, their contribution to fuel
consumption is smaller than their passenger carriage would
indicate.
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While Forecast 1983-1984 noted at its publication that there was
already considerable disagreement on the strength of the national
economic recovery, at that time FAA expected fuel prices would
resume their upward trend in 1983, but at a rate slower than the
economic recovery. It can be assumed that the 1984 report will
revise that estimate further downward. In fact, the Wharton
material for Forecast 1984-198%, which shows about an 8% drop in
fuel prices in 1983, predicts a larger drop, to a total of about
1% below inflation, for 1984. Wharton’'s fossil Energy Price
Index forecast for September 1983 is shown in Fig. 3. From 1987
through 1993, Wharton predicts fossil fuel will rise 1.3% per
annum faster than the GNP implicit price deflator.

Wharton now incidentally, "..pnojgscts a modest OPEC price
increase of $1 per barrel by midiP884--,," despite continuing
excess production capacity in the Persian Gulf.”

FAA also expected a sharp upturn in aviation activity in 1983,
which no doubt will also be revised downward.

Combining all the factors of aviation traffic, aircraft sizes,

passenger load factors, trip length, EXX delays, fuel
conservation, etc., the FAA Aviation Forecasts - 1983-1994
prediction of total U.S. domestic fuel, in millions of gallons, is

shown in Fig. 54, where it is compared with ELA'S estimates from
their 1982 Annual Energy Outlooks (Some of the difference between
FAA and IEZ is in conversion from BTWUs to gallons of jet fuel).
Aviation Fuel Price Index forecasts (Indexed to CY 1972) by Chase,
DRI EVANS, and Wharton for the 1983 report, are given in Fig.
5-5. Also shown is Management and Budget (OMB) Oil and Gas
Deflator (Base 1972) for 1984.. FAA will probably use these OMB
data in the EAA Aviation Forecasts - 1984-1995.

Boeing

From Current Market Outlook, March, 1983, Boeing projected World
GNP growth at 3.1P& average 1982-1995 and U.S. growth at 2.8%.
However, as shown in Fig. 5-6, this average is far fwom constant,
with a rapid recmyery from a negative GNP in 1981 to a range of
4-6% growth in 1984. Boeing’'s corresponding CPIL inflation for the
U.S., Western BEurope, Canada and Japan are given in Fig. 57,
where U.S. inflation is nearly constant at just over 5% from 1982
through 1986.

Boeing’'s world and U.S. airline fuel consumption forecasts through
1995 and 1990, respectively, are given in Figs. 5-8 and 5-7, where
the trends are seen to agree well with ICAG and others. Boeing’s
estimate of airline fuel consumption efficiency of Fig. %10 shows
a fleet improvement from about 41 ASNdZaEl (Available Seat
Milbss/gmal) in 1983 t o 43.5 i n 1990, indicating an improvement of
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for the last seven months of the year, OPEC produced at about
18.82 MWBD. At Vienna on December 20, 1982, OPEC raised its quota
t o 18.5 MMBD,but took no further action, and many oil buyers saw
the result as an indication that a price drop was impending,
particularly as spot prices were falling at the time.

Following an informal meeting of seven OPEC oil ministers in
Bahrain in early January, 1983, OPEC called an emergency meeting
for January 23, when Sheikh Yammmi of Saudi Arabia told the press
the meeting had been a “total failure.” There followed a series
of meetings including OPEC and non-OPEC producers, which led to a
further drop in OPEC purchases and further speculation that prices
would drop drastically; some expected it could fall as far as to
$7 a barrel in 1983 dollars. This activity finally led to the
March 1983 meeting in London, where the reduction to $29 was
agreed upon.

At the time of their report, McDonnell-Douglas regarded the $29
price as being threatened but, because of growth in U.S. GNP in
the first quarter, 1983, the prospect was looking better. “Every
1% increase in GNP results in an increase in petroleum demand of
about 088% for the U.S. and Europe and about 1% for less developed
countries. The world average is between these valueswW NcD-D
also expected the value of the dollar to fall and reduce pressure
on oil purchases outside the U.S., essentially reducing the price
of oil further for those markets. However, the dollar and U.S.
interest rates have not yet fallen much since their report.

NED-D assumes that the $29 price will hold during 1983 and that,
accordingly, real prices will drop almost 11.&8%. Nominal prices
will then hold steady through 1984, climb slightly more than 5% in
1989, and will increase at a rate between 6.9% and 8.72% for the
years between 1986 and 1992. Removing inflation provides that the
real price will decline 153 in 1983, fall an additional 422% in
1984, and remain essentially unchanged in 1985. Real price
increases are then expected of 1.68% in 1986 and 3.8% in 1987, with
the rate through 1992 running at just under 3% per year.

Jet fuel prices in the U.S. fell in late 1982 and early 1983, with
some spot cuts as much as 20% for a time. McD-D does not expect
these cuts to continue, although prices have drifted somewhat

further since their report. Refinery profit margins have been
unusually low. “Traditionally, the least price-elastic product -
in today’'s market, aviation kerosene - is subject to the greatest

increase in refinery margins when demand rises.”

In real terms, with the GNP deflator applied, their prediction is
for a 1588 fall in 1983, a 4.2% decline in 1984, no change in
1985, and between 1986 and 1992, real price increases will range
between 2688 and 3.9%. As in all forecasts, the future is
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generally more tranquil than the present and recent past. "BY
1992 the price of jet kerosene, in real terms, is predicted to be
about its 1982 level, still under its record 1981 real price.”

Mbai>1)'s predictions for crude and Jet kerosene prices are given in
Fig. 511.

Fuel Quality

Apparently all forecasters of crude oil trends agree that future
world crude oil supplies will be of heavier quality than those of
the past. That is, future crude oil stocks have been steadily
trending toward higher boiling point content, less hydrogen in the
constituents, with more sulfur, nitrogen, metals, and other
impurities. With future wells drilled to greater depths and in
less promising locations, this trend is expected to continue
indefinitely in the future. Some light crude stocks will probably
be found in future world oil exploration. But the opinion is
overwhelming that the world average of crude oil quality will
continue to fall steadily.

Straight distillation operations still dominate the world’s
refinery processes. By fractional distillation, a barrel of crude
oil is separated out into its primary components: light liquids,
gasoline, middle distillates, residual oil, greases, waxes and
asphalt. By distillation, the barrel of crude can be divided only
into the materials it already contains. If the crude oil barrel
is Wiesenilery® it will produce a larger proportion of heavy
products. If a barrel of crude contains fewer components in the
boiling range of jet fuel, a lower percent of jet fuel will be

obtained from the barrel.

Many have seen this situation as an inevitable prediction that jet

fuel, along with diesel fuel, other middle distillates, and
perhaps the whole slate of petroleum products, will trend toward
heavier levels. Recognizing that these heavy products can be

cracked into lighter fractions, while light fractions may be
synthesized into desired middle products, the opinion still
prevailed that heavier fuels would be produced during times of
fuel emergencies. Many refiners expected they would be faced with
more inferior crude during shortages and that customers should be
prepared to accept inferior products, at least in time of
emergencies.

By comparison, Boeing shows in Fig. 5-14 how the customers’
demands for petroleum products are expected to vary from 1982 to
2000. The demand for gasoline and distillate fuels is expected to
increase substantially, while that for residual fuels should drop
by almost half.
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But now this chain of inevitability on crude oil refining appears
to have been broken, or to be rapidly dissolving. Demand for
automobile gasoline has declined dramatically, resulting in
availability of lighter fractions that had previously been in
strong demand. It now appears that the demand for highway diesel
fuel (a direct competitor of jet kerosene) will not grow nearly as
fast as predicted, although this is a new trend which may not yet
be recognized and accepted. Developments in catalysts and
refinery operations have proceeded rapidly and processes are
becoming economically feasible which were too expensive in the
past.

A major driving force has been the fading market for residual fuel
oil, once a mainstay of refinery operations. Now the market for
resid has fallen so far that it is a liability in refinery
operations. It is difficult to find a place to store the resid to
permit conventional refineries to continue their runs. Resid
sells for lower prices than the crude from which it is produced.

Most refiners have now made major decisions to take the bull by
the horns. Many of the smaller and less sophisticated refineries
have been shut down and permanently withdrawn from operations as
the demand for nearly all products has receded. New components or
rebuilt refineries are being configured to yield a wide range of
products from virtually apny crude feedstagkk which can be
imagined. Pre-processiingy o f° extremely heavy and contaminated
shale oil has shown that it can be converted economically into a
superior-grade feedstock.

Most important, these types of operations which were previously
regarded as special and extra-cost, are being incorporated into

routine operations. Some refineries will no longer produce any
residual oil or other inferior products. By hydirotreattment and
synthesis, their entire product slate will be in the high-value

category. Some now indicate that there is enough flexibility in
these processes that the product fuel specification may be
effectively selected by customers.

In the light of these developments, it now appears unlikely that
fuel customers will be faced with a proliferation of substandard
products. Unless a very severe worldwide crude supply emergency
occurs very soon and prevails for many months, it is difficult now
to imagine how these inferior fuels will compete in the market.
In a very few years, it may be impossible to find any such fuels
in the market under any circumstances.

But the situation does appear to signal two cautions to aviation
fuel users:
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contended here that complete deregulation of gas prices and usssgpe,
as well as mandating gas pipelines as common carriers (or otherwise
releasing natural gas transportation from unnatural restrictions),

will further increase gas consumption, gas production, reduce
prices, and significantly reduce the price of oil in the world
market.

How much? It is difficult to predict prices even under extistifg
institutional conditions. Eifects of the changes scheduled under
NGPA are now being hotly debated in Congress. Equally eminent
analysts predict that gas prices will go up or go down. But, since
EIA concludes that a moderate re-evaluation of oil prices downward
by about one dollar per thousand cubic feet (million Btu) in
NEFF-1984 will probably depress oil prices by $4/bll, this author
hazards that complete deregulation of gas could realistically
depress world oil prices by ten dollars per barrel or more.

At least as far as forecasts and modeling indicate, it appears that
this kind of reduction in oil prices would have a long-term effect,
depressing oil prices out through the turn of the next century.

This question may turn out to be a moot one. The U.S. may not be
able to act soon enough in its natural gas affairs to drive the oil
market. Middle East producers are still flaring prodigious
quantities of gas, said to be more than twice as may Btus per day
than is being produced in oil out of Alaska. Some gas is being
reinjectedfi to maintain field pressure, but vast quantities are
still being wasted. (There 'is dispute about whether gas is
currently being flared in the U.S. because of inability to market
it under the NGPA; apparently some flaring is occurring at small
oil wells in Ohio and Indiana.)

Middle East producers plan t® use much of their waste gas in
producing methanol, as they are able to build the required_capital
investments for methanol plants from their oil revenues. The most
immediate effect from this action may be an 1I1mpact on our
petrochemical market by new Middle East finished products derived
from methanol. But both by backing oil out of petrochemicals and
by worldwide expansion of methanol uses, this Middle East gas may
achieve for Middle East producers much of what the U.S. could gain
for itself by unshackling its domestic natural gas production.

While Middle East producers cannot effectively penetrate the U.S.
NG market now because of the high costs of transportation by LNG,
the same barrier will not exist for methanol. ©Once produced from
natural gas, methanol can be shipped worldwide like crude oil.

These additional methanol profits will also go to the Middle East,
the initiatives will remain with them, while U.S. energy imports
will not be relieved, and the U.S. Wwill remain as depéndent on
foreign energy as previously.
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1f, instead of producing exclusively petrochemicals and methanol,
some of the Middle East natural gas is liquefied and a significant
world liquid methane network develops, the price of liquid natural
gas (LNG) is likely to be substantially lower than prices for
aviation gasoline or jet fuel. While this eventually may not be so
probable as methanol development, it seems at least possible. If
gor it would offer an attractive opportunity for many air carriers,
and particularly general aviation piston-driven aircraft, to switch
from aviation jet fuel or gasoline to LNG.

If a world-wide LNG distribution system should emerge, so that
world LNG prices per Btu could level out substantially lower than
pertradtenm prices, it would very likely justify the design and
construction of new aircraft and engines optimized to operate on
LNG . These aircraft should not only achieve better performance,
maintenance and fuel economy than conventional gasoline - and
JetA-powered aircraft, their DOCS should be lower. Some
indications of these benefits were discussed in Impact.

So there are several significant reasons why the aviation community
should be interested in possible natural gas market developments.

Natural Gas Pricing and Taxing

The Impact report discussed various sources for supplying natural
gas and indicated their prospects for production. This author
concludes, as have many, that present U.S. (and world) natural gas
production capacity appreciably exceeds present market demand. The
AGA advised that excess gas production capacity is currently about
1% of current U.S. production (AGA advertijssement i n t h e The
National Journal, October 10, 1988). In this period of a “gas
bubble,” which 'is comparable to the “oil glut,” there is little
incentive to explore for or develop new gas unless it can be sold
in some of the high-price categories. Consequently, the national
effortltc()j find and produce more gas reserves has been severely
curtailed.

Not only has U.S. gns exploration been limited, but technical
research and development for extending conventional gas sources and
for developing unconventional sources has now languished for many
years. Indeed, regulations of the Natural Gas Act of 1938 caught
the natural gas industry in its infancy, while the NGPA has not yet
released it. Consequently, our U.S. NG technology has never been
encouraged nor developed by the drive of genuine economic
incentives.

While the DOE has a gas research program as well as a program in
basic energy research, while the institute for Gas Technology and
the Gas Research Institute and other Institutions can mount
impressive presentations of their programs, while the Synthetic
Fuels Corporation is promoting some impressive gas production
projects, the truth is that there is little enthusiasm or
initiative, and very little real effectiveness in the entire U.S.
gas R&D picture. Some individual effforts are very good, but there
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is no broad drive, as there has been in electronics and other
fields. This same apathy exists in enhanced oil recovery (EOR) in
the U.S. for different, but parallel reasons. How can real
enthusiasm develop when thousands of oil wells and gas wells are
capped in the U.S. because of regulations, where new, speculative
drilling is financially more profitable than producing existing,
shut-in gas resources, where the capital investments have already
been made? When institutional and tax barriers strangle a market,
technological initiative is also strangled.

Some observers have taken this soft supply of reserves as an
indication that U.S. gas resources must be very limited. The
Inpact rgpottt and most industry sources contend this is not the
case. In fact some feel that the world’'s natural gas resources
may ‘be either’ practically or literally unlimited. This author
concludes thatt, given free market conditions, the world’'s and the
U.8.'$ gas supplied are vast indeed.

And this author also concludes that the technological problems of
natural as exploration, production and consumption are far
transcended by its institutional and pricing problems.
Consequently, while the Impact report was more concerned with the
size of our gas resource and its potential production, this report
is concerned more with the institutional restrictions which prevent
natural gas from realizing its potential in the U.S. and, in turn,
the’'world energy market.

NEFPR1983, which was presented to Congress on October 4, 1983,
lists two initiatives which DOE Secretary Hudel characterizes as,
“vital:” the removal of controls on natural gas wellhead prices,
and reform of nuclear licensing and regulatory processes.

Natural Gas Reguilation

Natural gas regulation in the United States began with the Natural
Gas Act of 1938, which assigned to the Federal Power Commission,
authority to regulate gas prices, sale conditions, and the rate of
return earned by interstate pipelines. The last two words in that
sentence are important: FPC regulation applied only to interstate,
gas and only to that transported in pipelines. Intrastate gas
remained unregulated, placing further competitive stresses and
distortions on interstate operations.

While imported natural gas is also regulated when it enters the
U.S. interstate pipeline system, both imported and domestic gas
which is transported in the U.S. independent of the interstate
pipeline distribution system, is unregulated. If expanded to
compete with the pipelines, an unregulated national LNG
distribution system would challenge the regulated system, as well
as the special buyer/seller relationships inherent in the present
pipeline system. Natural gas converted to methanol, transported
unregulated as a liquid, and reconverted’ to methane, would also
escape the interstate gas control, tax and contract structure.
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It was confirmed by the Supreme Court’'s 1954 Phillips Case that the
Natural Gas Act empowers FPC to xemu¥yahe natural gas prices at the
wellhead. Consequently, FPC decided to regulate prices of
individual producers based on their historic rates of return. When
this procedure proved too cumbersome, FPC based prices on the
historic costs of seven major gas producing areas in the U.S.,
established by a series of rate proceedings, Which were revised
from time to time. These area rates were finally replaced in
December 1973 with a blanket escalation rate.

This interstate regulation led to a gradual shift of production
toward the unregulated intrastate market and, by 1972, shortages
were beginning to show wup in the interstate market. I n 1973,
priorities were established for nine different categories of
interstate users and the 1977 Emergency Natural Gas Act gave the
President authority to transfer natural gas from surplus areas to
shortage areas.

The NPGA of 1978 required the Federal Energy Regulatory Commission
(FERC, which succeeded the FPC) to regulate intrastate gas as well
as interstate gas and a set of prices was established according to
the physical description of each well, the year it was drilled, and
whether its production was dedicated to interstate commerce by
contract. A set of incremental pricing rules was established to
allocate the cost of some high-priced gas to certain industrial
users, thereby supplying residences with more of the low-cost gas.

In 1979 the Act was amended to protect natural gas to “essential
agriculture” and other “high priority” users, while denegyld&aing
gas produced from deep wells, coal seams, and Devonian S$hale. This
provision prohibited new electrical generation plants from using
natural gas, and imposed other industrial restriciticons. |In 1980,
the Act was extended by setting a price for new tight formation
gas. For those interested, DIBZAEIRA0329, A Chronology of Major Oil
and Gas Regulations, February 1982, lists and describes, by yeart
all significant oil and gas regulations from 1889 to 1982.

A table showing the categories of natural oS and its
‘deregulation” schedule under the NGPA of 1978 has been compiled by
the American Gas Association (AGA) and is included here as Fig.
6-3. Note that all its prices were based on crude oil prices
before they doubled in 1979-80. In less than a year after their
establishment, these regulated prices were therefore no longer
comparable to oil prices. If for no other reason, The NGPA
deserves revision or repeal because of its obsolete and unrealistic
price basis.

Note also that final deregulation under the Act is scheduled for
July 1, 1987. But, at that time, more categories of gas will

remain requlated than will have been dereguillated. In fact, all
“old gas”, or 40% of the proven natural gas resource in the United
States, will remain regulated until it is finally exhausted. But

how will this old gas be sold when its price is reguired to be held
so far below fair’ market price? Notice in the Chart (Fiig.6-3)
that, under Natural Gas Dedicated to Intyerstate Commerce (Sec.
104), “Minimum rate gas,” which was held to $D.182/Mcf in April
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1977, will be allowed to rise to only $0.316/Mcf in 1985.
would a producer sell any of this gas at the regulated price wher¥
“tight formation gas” is allowed a price of $6.140/Médff, almost 20
times as great, while new offshore gas, rollover contract gas, and
other categories are completely deregulated?

Under the NGPA, in 1985 when all gas is popularly believed to have
been deregulated, this “minimum rate gas,” at $0.316/Mdf, is still
regulated at a level equal to crude oil at $1.85 per barrel!

Clearly the NGPA of 1978 is a half-way measure. It was recognized
as a compromise at its time of passage; while it anticipated
inflation, it did not allow for another general increase in oil
prices, and its popular reputation for “deregulating” gas in 1985
is sadly misleading. Under this present legislation, U.S. natural
gas will never be deregulated to the same extent as crude oil in
the United States. There is general agreement that something must
be done. Depending on their interests, various constituents, are
recommending different solutions.

Opinions on U.S. Natural Gas

The U.S. natural gas situation is complicated enough so that it can
be easily misinterpreted and confused by every analyst or spokesman
with a vested interest. Like the Bible, references and examples
can be cited to prove almost anything one wishes. It is difficult
for those without occupational or investment bias to remain
unguimionated; in fact, probably everyone interested in the subject
inevitably develops strong opinions. While attempting to remain
objective, thus author is conscious of having strong, perhaps
radical, opinions.

It is probably fair to say that the present U.S. natural gas
situation and the NGPA victimize all U.S. participants in the

natural gas arena to some extent. In turn, the entire U.S. public
1s victimized by higher prices. Through effects on world oil
pBices and markets, the entire world and its population are
affected. Even the most primitive people are affected when their

forests are depleted directly or indirectly because of the world
energy situation. For all those who suffer losses, there must be
others who benefit. In the opinion of this author,” the greatest
benefit accrues now to OPEC and other oil produces, through OPEC
maintenance of higher world oil prices. The U.S. and its public
therefore suffer by further subsidy of OPEC; even more suffering is
borne by the financially beleaguered nations.

But, rather than promoting opinions which this author
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supply and demand fundamentals, prices will stabilize this year
(1983) or next--barring further disruptions in oil markets.”

While gas consumers are complaining of high prices and expecting
additional price rises, some producers complain that they cannot
find markets for their gas. How can this be?

Although the glut exists, it is a short-run surplus, with gas
produced from existing wells, and not based on long-run growth in
production capability. Under the NGPA, there is little incentive
for additional exploration and development, except in the
uncontrolled, high-priced gas categories. The 1979 rapid rise in
oil prices led early to more drilling in established fields, not
to exploration for new finds.

Before the gas glut became apparent, pipelines had bid up prices
from suppliers in order to assure themselves long-term supplies.
They also agreed to take-or-pay provisions, permitting producers
to deliver their highest-priced gas, assuring producers of high
revenue and earlier payouts on their investments. Pipelines
therefore lost their ability to decrease these high-priced
purchases when the recession, tougher competition from oil, and
Increased conservation, shrank the gas market demand.

Much gas is now controlled at prices lower than can pay for its
replacement by new exploration and development. At the same
time, some unregulated gas has been contracted at very high
prices. Natural gas is being imported from Canada and Mexico at
about double the domestic price, and a small quantity of LNG is
imported from Algeria at even higher prices. These’ prices are
all passed through and raise the cost to customers. So, as
demand subsides due to high prices, the lower-priced, regulated,
gas is withdrawn from the market and the average price is pushed
even higher. Long- term, take-or-pay contracts assure that this
high-priced gas continues to be delivered; its price is not
lowered due to decreased demand.

The gas market is necessarily composed of long-term .comwittnemnts::
pipeline investments, stationary customers with large boilers and
plants and, in the case of LNG, refrigeration plants, cryogenic
shipping terminals, and specialized ships. All these capital
investments need long-term, stable returns, The gas market
-therefore cannot respond rapidly to a drop in demand. Similarly,
exploratimm and development for new gas require long- term
commitment of substantial investments. Unlike oil which can be
shipped anywhere, gas is essentially tied to the pipeline system
and existing contracts; its markets are inflexible.

The price to customers is increased by take-or-pay contracts as
described above, but also further by inflation, higher interest
rates, and fixed costs spread over the smaller quantity
purchased.

Al though this explanation of today’ s situation is fairly



6-38

supply and demand fundamentals, prices will stabilize this year
(1983) or next--barring further disruptions in oil markets.”

While gas consumers are complaining of high prices and expecting
additional price rises, some producers complain that they cannot
find markets for their gas. How can this be?

Although the glut exists, it is a short-run surplus, with gas
produced from existing wells, and not based on long-run growth in
production capability. Under the NGPA, there is little incentive
for additional exploration and development, except in the
uncontrolled, high-priced gas categories. The 1979 rapid rise in
oil prices led early to more drilling in established fields, not
to exploration for new finds.

Before the gas glut became apparent, pipelines had bid up prices
from suppliers in order to assure themselves long-term supplies.
They also agreed to take-or-pay provisions, permitting producers
to deliver their highest-priced gas, assuring producers of high
revenue and earlier payouts on their investments. Pipelines
therefore lost their ability to decrease these high-priced
purchases when the recession, tougher competition from oil, and
Increased conservation, shrank the gas market demand.

Much gas is now controlled at prices lower than can pay for its
replacement by new exploration and development. At the same
time, some unregulated gas has been contracted at very high
prices. Natural gas is being imported from Canada and Mexico at
about double the domestic price, and a small quantity of LNG is
imported from Algeria at even higher prices. These’ prices are
all passed through and raise the cost to customers. So, as
demand subsides due to high prices, the lower-priced, regulated,
gas is withdrawn from the market and the average price is pushed
even higher. Long- term, take-or-pay contracts assure that this
high-priced gas continues to be delivered; its price is not
lowered due to decreased demand.

The gas market is necessarily composed of long-term .comwittnemnts::
pipeline investments, stationary customers with large boilers and
plants and, in the case of LNG, refrigeration plants, cryogenic
shipping terminals, and specialized ships. All these capital
investments need long-term, stable returns, The gas market
-therefore cannot respond rapidly to a drop in demand. Similarly,
exploratimm and development for new gas require long- term
commitment of substantial investments. Unlike oil which can be
shipped anywhere, gas is essentially tied to the pipeline system
and existing contracts; its markets are inflexible.

The price to customers is increased by take-or-pay contracts as
described above, but also further by inflation, higher interest
rates, and fixed costs spread over the smaller quantity
purchased.

Al though this explanation of today’ s situation is fairly



6-10

- Indefinite price escalators limited by “gas cap”.

o HFee mhecpaebties to negotiate new contracts with incentives to
do so at low prices.

- All new and renegotiated contracts deregulated.

- &ither party may market-out on any contract not negotiated
by 1/1/85.

o Eliminate disincentives for use of low cost gas.

- Increase competition through contract carriage at incentive
rates.

- Take-or-pay contracts may be reduced to 7@% by purchaser.
- Eliminate Fuel Use Act and incremental pricing.

There are other special provisions proposed, such as:
contracts that have not been renegotiated may be cancelled by
either party; controls cannot be reimposed by the President or
Congress; FERC can require a pipeline with available capacity to
carry gas under contract between a producer and a purchaser at an
incentive rate; no pipeline can take gas at a higher rate than
its rate for any less expensive gas; a ceiling is placed on deep
gas, which is currently deregulated.

Nolan Ezra Clark and Glenn WVlilett Clark - Contract Carriage

As reported by The Wall Street Journal of May 4, 1983, “The Clark
brothers are Washington, D.C. lawyers and authors of a
forthcoming policy study on natural gas.” In that issue of the
Journal appears their editorial, "The Way to Deregulate Natural

From a philosophical view, it is well worthwhile considering the
opening statement of the CQlawrks, “Drafters of the Department of
Energy’s natural-gas ‘decontrol’ bill should be reminded of
George Washington’s counsel: ‘If, to please the people, we offer
what we ourselves disapprove, how can we afterward defend our
work? Let us raise a standard to which the wise and honest can
repair..."” Some may feel that Washington’s statement is not
appropriate to the DOE’s proposed natural gas legislation. But
few will say that it does not apply well to the Natural Gas Act
of 1938, the Phillips Decision of 19%4, the NGPA of 1978, and the
contorted natural-gas situation which now strangles United
States energy.

The Clarks offer some philosophy of their own which is also
incisive: “An economy is to some degree impoverished if any price
is maintained, by cartel or commission, at a level higher or
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lower than that established by competitive marginal cost
pricing.”

They continue, “The extreme ease of entry into the production of
natural gas ensures that producers can never pose an impediment
to the marginal-cost pricing. On this score the Supreme Court’s
1954 Phillips decision was wrong. High fixed costs of pipeline
construction and government-imposed barriers to movement of
natural gas could, however, pose jldSt such an impediment. The
principal solution is to provide open access to natural gas
transportation facilities--to mandate contract carriage. The
concept of contract carriage is simple. Natural gas transporters
could be required to carry gas for others on a space-available
basis.”

" . «([DIXEE) proposes to require contract carriage subject, however
to prior federal approval. This would inhibit the entry of new
natural gas merchants. If new merchants aren’'t encouraged, we
doubt that a truly competitive market system for natural gas will
emerge.”

“Another DOE ' consumer protectign® measure is to give federal
agency increased power to regulate prices charged by pipelines.
This is a step backward. Failure to achieve comprehensive
deregulation will perpetuate a constant pressure to thrust
regulation back ~upsstre=am to the welihead level. The Phillips
decision can be made to live again.”

“In addition, retaining S0Mé wsllhead price regulation for two
years, as proposed, ‘perpetuates the vice of price averaging.
This forecloses the discovery and use of a market-clearing
wellthead price. Since prices for §dMe cattepoiks—old’
gas--would be held artificially low, prices of other categories
would be artificially high. This categorization of gas as ‘old,’
‘new,’” ‘deep,’ or any other permutation thereof is arbitrary and
economically fallacious. Natural gas is a fudbde commydhDd~
T nEsprSEoon costs asdide, gas s IiNTamaBed (Ne Samb)pd e
o alyvipediae i D INpISIss aadeom —tn (he MBBt competitive
markets, such as those for corn and wheat, that is the result.”

“The DOE plan contemplates that producers and pipelines seeking
to renegotiate contracts must arrive at fixed prices, rather than
use flex-price contracts. This prevents the price changes needed
to adjust supply to demand.”

". ..Mhe beneficiaries of a postponed transition to a free
market ,...wWillk be two classes of businesses that have reaped
extraordinary profits in the past from government regulation of
natural gas: (a) pipelines with large ‘old’ gas cushions--which
are privileeligped to buy for less--and (b) producers of ‘new,’
‘deep,’ or ‘foreign’ gas--which are privileged to sell for more.
In both cases , &he [anmeficiaries are simply exploiting a
historic, gowvemmentt-created, non-market-clearing price.”
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*... Capacity, storage, priority and timing of service to hundreds
of distribution points on each pipeline system, and other
transportation-related decisions cannot be made in Washington...”

“Mandatory carriage is supposed to be equitable because system and
mandatory transportation customers would get the same treatment..

Mandatory carriage is supposed to increase industrial demand, fill
the pipeline system, and reduce overall rates by spreading fixed
costs . .Mamikttory carriage would be a reversal of the trend toward
deregulation of other industtriies... Tthe voluntary programs

encouraged by the FERC are just now becoming effective. Interstate
pipelines already transport large amounts of natural gas for
independent shippers under voluntary contract carriage
arrangements...”

“The nation’s natural gas consumers need and deserve legislative
relief this winter that is now blocked by lack of consensus on the
issues of old gas and mandatory carriage. It is time for the
Congress to move boldly and take advantage of the opportunity to
create a new energy era by making it possible for natural gas to
make a larger contribution to a revitalized national economy.”

Richard J. Ganezdles

Based on a presentation made to Producers & Investors, Inc.
seminar, “Strategy for Natural Gas Deregulation,” in Houston, Feb..
26, 1983, a four-page editorial by Consulting Economist Richard J.
Gonzales of Houston, “Natural Gas Policy Act Modification can Bring
Correct Market Prices,” was printed in The Oil and Gas Journal,
April 5, 1983.

Gonzales points out some enormous costs imposed by federal
government control of natural gas prices and usage: In 1981 the
U.S. would have used 750 million tons more of coal and offset 1.4
billion barrels of oil and 10 Tcf of natural gas; the savings to
customers would have been about $60 billion. Crude oil prices
would be far below that set by OPEC; the total savings to U.S.
energy consumers would have been, " . . .in excess. of $100 billion a
year currently.”

He discusses the Natural Gas Act, the Phillips Decision and the
consequences of low gas prices. Although President Eisenhower
appointed an Advisory Cabinet Committee on Energy in July 1954,
which recommended that the government should not regulate the price
of natural gas prior to its entry into an interstate pipeline (also
that oil imports be limited and that coal use be exploited), none
of the committee’s recommendations were effectively implemented,
In some markets gas was cheaper than coal, despite its inherent
advantages.

“The tripling of foreign oil prices to more than $1Q®/bbl in 1974
should have brought about an immediate change in U.S. energy
policies to encourage more rapid development of abundant domestic
energy resources, including coal. |Instead, U.S. oil and gas
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prices were kept under controls at levels far below the cost of
foreign supplies.” OPEC concluded we considered the price of oil
cheap, and raised their prices.

“The need for changes in U.S. energy policies had become obvious
by 1977. The correct and simple solution would have been removal.
of price controls on crude oil and natural gas. Such action
would have started a sharp surge in drilling that would have
reduced the doubling of prices by OPEC in 1979.™ Instead, when
President Carter proposed a synthetic fuel program, ™. .

subsidized until prices reached S2%/btll, OPEC concluded that it
could safely raise prices to or above that level, as it would

take years to complete synthetic fuel plants.”

When these higher. prices caused a sharp increase of oil company
profits, Congress imposed the “Windfall Profits Tax” on domestic
crude oil. “This is not a tax on profits but on the gross margin
between selling prices and arbitrary lower levels set without any
economic justification. Congress was unwilling to tax imports on
the assumption that such action would be costly to consumers. It
did not hesitate to levy taxes on domestic production, which
added to all other taxes an additional 20 cents/gal of crude oil
produced by major oil companies in 1®981."

On the NGPA of 1978, Gonzalez comments, "This act complicated
regulation by creating fi¥¥e than 20 different categories of gas
with varying prices and by mandating actions as to gas use and
allocation of increases in prices contrary to the working of a
competitive market. Congress assumed erromiously that such
action would protect consumeps, especially those using gas for
home heating.” He especially deplores extension of federal
regulation to the intrastate market.

“Congress recognized in NGPA that prices set by regulation should
be just and reasonable but violated that principle by specifying
different prices for different categories of producers.. .Congress
made a mistake in setting arbitrary price levels in NGPA for

different categories -of gas. It should have removed controls in
1978 to allow the market to establish fair value for gas in
relation to coal, heating oil, and electricity.” If Congress was

attempting to protect consumers from a price shock, it should
have devised a trahsition schedule which wouldd not have ?hodluced a

later shock. But the LGPA assured a finm $15/bbl for the price
of oil, which more than doubled shortly thereafter.

Two maéﬁumdefects of NGPA are that it continues regulation of a
large V @ of old gas (about 40% 1JS. reserves-Ed. eyond
1985, while it removes price controls from new gas Y from
very deep wells. Competition for the limited supply of
unregulated gas, ". . .caused bids for the limited supply of deep
gas to exceed $9/Mtdf, some three to six times the level of
regulated prices and almost twice prices paid for gas imported
from Canada and Mexico.”
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“Failure to encourage development of all new gas has limited
outlook for new supplies so seriously that consideration is being
given to movement of gas from the North Slope of Alaska to the
lower 48 states. The anticipated cost of this gas delivered to the
anadian border will exceed $1%/Mkf .» By bargaining processes,
. dbout $5/Mf would be reasonable for U.S. natural gas. An
increase to that level would bring about a sharp rise in drilling
of gas wells and in the development of new gas supplies. The
influence of higher prices on supplies and on conservation should
work to limit further price increases for both natural gas and
crude oil.”

Gonzales discusses how gas prices should relate to the price of
coal, considering the transportation, handling, environmental and
other costs of using coal. He concludes that, " . . . the reasonable
competitive value of natural gas is higher than the regulated gas
prices set by NGPA but less than prices being paid for deep gas.”

“Continuation of present underpricing of natural gas is not in the
public interest because it gives incorrect signals to consumers and
producers, delaying the shift to much greater wuse of coal.
Consumers will be served best by prompt action to raise gas prices
to their market value on or before 198%.”

He points out how a windfall profits tax proposed for natural gas

is a fallacy. We should have learned from both our tax and
production lessons in regulating oil. Gas development is greatly
lagging oil development (even with the WPT on oil - Ed.).

¢ .ahe U.S. has experiemcexdl enormous unnecessary costs because of
policies that kept prices of natural gas and oil below their fair

market value relative to coal. Delay in correcting these policies
increases long-run costs to consumers and hurts the national
economy... The choice remains whether to deregulate gas now or to

phase control for complete deregulation by 198%. Either is better
than allowing the NGPA to remain in effect without change.”

"1t is harmful to focus attention on the various objections to
correct the mistakes that have been made in energy policies.
Experience with decontrol of crude oil prices indicates that such
action is feasible and may help limit or even reduce the price of
foreign and domestic supplies. The time has come to work on
achieving the consensus necessary to modify the Natural Gas Policy
Act in the near future to make sure that gas prices move to their
correct level on or before January 198%.”

U.S. Natural Gas Resources

This author attaches little significance and invests little
confidence in estimates of the U.S. natural gas reserve, discovered
and undiscovered. Since oil price deregulation, we have already
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optimistic estimates of domestic gas resources by the U.S.
Geological Survey (USGS) and the industry-based Potential Gas

Committee (PGC) .*

“What does this apparent change in the outlook for U.S. natural
gas supply mean? Can we now count on natural gas to play a
major, perhaps even expanded role in satisfying U.S. energy
requirements, or is the seeming turnabout only a temporary
respite from a continuing decline in gas reserve levels and, soon
to follow, a decline in gas production capabilities?”

“Certain technical uncertainties--primarily those associated with
incomplete geological understanding, alternative interpretations
of past discovery trends, and difficulties in projecting likely
patterns of future gas discoveries--are so substantial that

themselves they prevent a reliable estimation of the remaining

recoverable gas resource and the likely year 2800 production
rate. Even after ignoring the potential for significant changes
in gas prices and technology in the future, OTA could not narrow
its range of estimates of resources and future production beyond
a factor of 2 from the lowest to the highest estimate. Inclusion
of uncertainties associated with changing gas prices and market
demand and the continuing evolution of gas exploration and
?rod#ction technology would undoubtedly widen the range still
urther.”

"OTA finds no convincing basis for the common argument that the
area of the Lower 48 States is so well known that there is a
substantial consensus on the magnitude of the gas resource base.”
There are several substantive issues that remain unresolved in
estimating the present gas resource base: use of past discovery
trends, the potential of small fields, new gas from old fields,
frontier areas including deep gas, and stratigraphic gas traps.

“In addition to these five issues, a level of uncertainty is ever
present in the process of estimating the quantity of a resource
that cannot be measured directly prior to its actual production.”

Then OTA notes uncertainties in interpretation and extrapolation
of past discovery trends: inadequate discovery indicators,
uncertainty about the future growth of new fields, and
difficulties in interpreting the recent surge in reserve
additions.

Lastly, OTA discusses the uncertainty of production from proved
reserves--the R/P ratio. This author sees a parallel to the
E/GNP ratio in various national economies, imcludiimg that of the
U.S., as well as in the more recent revision in the MIR, minimum
industrial reserve of oil needed to maintain refining operations.
E/GNPs have been drastically re-evaluatedl, while the previously
inviolable MIR is currently being re-establistted by the National
Petroleum Council.

In the past, forecasts were confidently based on these ratios,
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which were presumed to hold constant. Now we have changed some of
these bedrock indexes, are revising others, and apgogriidately are
challenging many of the remaining. The R/P ratio deserves thorough
re-evaluation but how can we establish a new R/P until we have the
effects of new gas pricing policies, or at least have some idea of
what those policies will be?

Noting these qualifiers, OTA concludes that in year 2000 U.S.
resources may lie between 400 and 900 Taff, and that production
could run between 9 TaffAyr and 19 Teff/yr (U.S. production in 1982
was 20 Taff-Edl.).

Potential Gas Committee

In its March 7, 1983 issue, The Oil and Gas Journal includes two
articles which discuss U.S. potential gas resources, and the supply
outlook in 1990.

The first article, “Estimate of U.S. Potential Gas Resources Cutt,"
reports on the latest estimate from the Potential Gas Agency (PGA)
at the Colorado School of Mines, which staffs the agency’s 143
member Potential Gas Committee (P&X). The PGC estimates that about
876 trillion cubic feet of gas remains to be discovered onshore and
offshore both in the Lower 48 and in Alaska.

Although it may be misleading to consider reserves in terms of
years, at today’s annual consumption rate, the PGC Estimate would
supply the U.S. with gas for over 40 years. (This author would

hope that our consumption rate will be able to increase from 20
Taff/yr to 30 Taff/yr and that, by the same market stimulation, our
undiscovered reserves will be found to be still larger. From this

unbridled optimist, a natural gas future of 50 years or more is
envisioned at production rates 150-Z20W% that of 1983).

The PGA report notes that its estimate has decreased by 37 Taef from
year end -1981, which is about equal to the U.S. proved reserves
during the past two years. J.C. Herrington, the committee
chairman, is quoted, “This means there has been no significant new
information developed during the past 2 years that would have
caused the committee to alter substantially its previous concept of
the potential supply. Results of exploration and drilling during
the past two years have reinforced the committee’s position that
more than half of the resource originally exdistimg in this country
remains to be found and more that 60% remains to be produced.”

The second article, “U.S. Facing Natural Gas Shortfall in 1990s%,"
comments, “The U.S. faces a shortfall of natural gas by the early
1990s.™"

“That’'s because it lacks sound policies to deal with current gas
market problems, thus derailing the gas industry’'s plans to develop
the required new supplies,” the article quotes from Lloyd Lewitan,
senior vice president of Pacific Lighting Corp. He comments
further that adequate action would not only eliminate the risk of a
gas shortage, it would also lessen damage from another oil supply
disruption.
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Chagter 7

Altgrnative Fuels and Energy Sources

Automotive Fuels

In 1982, U.S. transportation consumed almost exactly one-third of
the energy used in this country, or about &3% of its petroleum,
while aviation accounted for about 8% of the petroleum demand.
As pointed out in Impact, aviation is not a significant factor in
U.S. petroleum supply and demand. As a premium product, aviation
fuel is a fairly important item for those refiners which produce
it. But it does mot drive the petroleum market in any sense.
Aviation fuel price and availability are determined more by
events and developments outside aviation than within the aviation
community.

By contrast, automotive vehicles are currently using about 3/4 of

U.S. transportation fuel. Aviation fuel users should therefore
look to the automotive sector for the strongest indications of
their destiny. As was shown in Chapter 4, EIA has forecasted

that automotive fuel demand will continue to decline, driven to a
substantial extent by continuing automobile fuel economy. While
every individual in DOE may see it somewhat differently, it may
be significant that the Office of Vehicle & Engine R&D now
believes that the recent trend toward steady improvement in
miles/gal has softened significantly in the second half of 1983.
If so, U.S. gasoline demand and petroleum consumption may not
continue to drop through and past 1984 as predicted by EIA, and
petroleum prices may not fall quite as far as EIA expected.

While this is not yet a critical point and the trend is probably
too new to carry major significance, it is noteworthy. Just as
ElXN's expected revision to lower natural gas prices in 1985 will
lower the forecast world oil price, this new view on heavier
auttogas consumption may push the price of crude oil back upward.
As has been observed before, while energy forecasts may be made
for five, ten or more years into the future, they seldom remain
valid for more than a few months.

But assuming that the EIA world price forecast is valid "as long
as its ink is wet", gasoline prices should continue to drop
through 1985. Then, if natural gas is deregulated and its price-
remains feeiliyl cogmta@mt,Stinver price of motor gasoline and ot
aviation fuels could stay about constant until approximately year
2000. At any rate, before more meaningful information is logged
to change that picture, we should expect no significant long-term
change in automotive or aviation fuel prices or availability
through this century. That is, also as long as there is no
substantial disruption in world crude oil deliveries, a subject
which 1s discussed in Chapter 9.

Now there appear to be only two circumstances under which
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In less than two years, the trend now seems reliably confirmed:
diesel cars are not likely to penetrate a larger part of the auto
market, demand for diesel fuel will be driven largely by heavy
truck activity, and diesel fuel consumption will grow only at
about the same rate as the GNP, which indexes the growth of heavy
truck traffic.

A major conclusion of the Impact report is therefore revised:
Expected growth of highway diesel fuel consumption no longer
appearsaadtpofa st €utnea threat to the price or a=aNalEh sty wi
Jet A fuel.

Alternative Auto Fuels

The automotive picture apparently has resolved itself fairly
clearly. Gasoline is expected to be available at reasonable
prices through this century. The only significant opportunity
for alternative fuels is for those which can promise some
substantial cost advantage over gasoline. From the standpoint of
easy fuel availability, service, parts, trade-in, etc., the
present gasoline system presents a formidable standard which any
alternative must clear by a tangible margin. Are there any valid
candidates?

The chicken-and-egg problem confronts introduction of any new
fuel, whether in stationary powerplants, transportation, aviation

or automobiles. Perhaps in automobiles the element of
convenience may weigh more heavily than in other modes, where
economics may score higher in decision-making. This is one of

the problems with diesels, where a small margin of inconvenience

convince car 'buyers that slightly better economics aren't
worth the extra trouble. Fleet operators are able to minimize
these inconveniences, while profiting from fairly small
advantages in economy. Consequently, fleet operators
gravitate toward diesel or alternative fuels, wherever a clear
economic benefit is indicated. But the public may not follow
fleet operators.

In the recent past, fleet operation had been viewed as the avenue
for introducing any promising alternative fuel. But today the
view is more pragmatic. While some automotive fleets are
sizeable and could affect fuel selection within a local
community, realism has sunk in that only a very small fraction of
U.S. automotive vehicles are operated in fleets. It is concluded
that a new fuel might capture all the fleet vehicles in the
United States without turning the private vehicle market away
from gasoline.

Perhaps this realization arose from the tremendous effect of
heavy diesel trucks on diesel fuel demand, and the recognition
later that diesel demand is still only about 15% of highway motor
fuel. So conversion of all heavy fleet trucks to a new fuel,
plus taxicabs, plus delivery and service fleets, etc., etc.,
still would not assure capture of the automotive market by the
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new fuel.

Now it is fully 'recognized that gasoline is not going to fade
away. The question is whether some other fuel has a chance of
deposing gasoline.

Methanol, Methyl Alcohol

Methanol probably stands the best chance for eventually replacing
gasoline on the highway. First and foremost, methanol is
generally cheaper than gasoline per Btuw, although its price
varies more in different localities and circumstances than does
that of gasoline. Methanol is a common substance today, but its
consumption is very low, not only in comparison with gasoline,
but even in the chemical industry. Oil is the overwhelming

chemical feedstock.

Perhaps the greatest potential for methanol lies in the
tremendous surplus, and current waste, of natural gas in the
Middle East and other parts of the world. As far as the U.S. is
concerned, its large source of natural gas in Alaska constitutes
a formidable problem, almost a liability. How can this
considerable asset be brought to market? The Alaska gas pipeline
plan was dropped not only because of its $45 billion estimated
construction cost, but also when it became obvious that it would
deliver gas to the U.S. border at prohibitive prices, transported
through Canadian territories which are themselves surplus with
natural gas.

In, "Methanol is the Best Way to Bring Alaska Gas to Market," QOil
and Gas Journal, November 1, 1982, Professor Donald F. Qimewerad®
the Polytechnic Institute of New York discusses some of the

issues.

Othmer points out that the 22% carbon dioxide and light
hydrocarbons, which must be removed from gas out of the well to
make it marketable as natural gas, are equally valuable raw
materials for making methanol from methane. In fact, a natural
gas separation plant is estimated to cost $6 billion, while about
a third more methanol can be produced from the raw gas than from
the methane alone. More net energy would be delivered as
methanol than as clean natural gas.

A separate methanol pipeline could be built from the North Slope
t o Valdez, where the methanol could thence be shipped by sea.
This pipeline would not require insulation. Or the methanol can
be transported in batches through the same pipeline as oil. From
Valldez, it can be moved in standard tankers. Interestingly,
while Alaskan crude cannot be exported outside the U.S. by law,
Ala?(kan methanol could be shipped to Japan and other Pacific
markets.

Othmer estimates that the North Slope could produce about 8
billion gallons of methanol per year (small in comparison with
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the more than 100 trillion U.S. annual gallons of gasoline) from
three plants costing around $3.5 billion each, for a total of
around $10.5 billion. This cost does not compare unfavorably
with $6 billion for the gas separation plant, considering that
compressors willl, also be required to move methane gas, plus the
$45 billion pipeline required for its exclusive transport to the
Lower 48. A gas pipeline only to Valdez provides no sglution
unless a gas liquefaction plant, loading terminal and dedicated
cryogenic ships are added, to move the resulting LNG out of
Alaska.

Othmer suggests this methanol produced from Alaskan NG could be
used in highway vehicles, for generating electricity (by gas
turbines), or later converted to synthetic natural gas, SNG. He
concludes SNG by the methanol route would cost about half as much
in the Lower 48 as would natural gas delivered by the proposed
gas pipeline. He does not mention the possibility of using
methanol as a chemical feedstock, which may become its ultimate
largest application, unless it replaces gasoline in a large
number of automotive vehicles.

Alcohols contain oxygen. Considering that hydrogen is the most
efficient component of hydrocarbon fuels, a fuel which also
contains oxygen already has been Yyaarti®llly burned.” The oxygen
in combination with some of its hydrogen is effectively water.
Methanol is unlikely to find much application in aviation because
a pound of methanol contains about half as many Btus as a pound
of gasoline. Methanol is therefore a heavy fuel in an airplane;
its weight detracts from the airplane's range-payload
performance. Nevertheless, some experimenters with
piston-engined aircraft are methanol enthusiasts.

Due to octane advantages, cleaner burning, cooler flame and other
attributes (some conjecture that the oxygen in methanol may
contribute te, better engine altitude performance), aviation
methanol proponents contend they have been able to match the
aircraft miles/gallon performance of gasoline. This claim will
remain in doubt until measured with reliable instrumentation. If
confirmed, methanol could.the a convenient substitute for aviation
gasoline, although that represents only about 5% of aviation fuel
used. Nwone has contended that methanol could compete with
gasoline performance in aviation gas turbines. Combustion in gas
turbines is already over 99% efficient, while octane rating means
nothing in an open cycle.

Even in automobiles, methanol is considerably heavier than
gasoline, posing some operating problems. Methanol engines are
also difficult to start because of its low vapor pressure.
Generally, rather than using neat methanol in automobiles, 10%
gasoline would be added to improve starting characteristics.
Methanol attacks some materials in conventional auto fuel
systems, but Ford is at least one manufacturer which has produced
and will deliver methanol cars for fleet operators. Presumably
the current slump in gasoline sales has deferred Ford's plans for
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While methanol can be thought of as methane gas liquefied by a
water molecule, LNG can be thought of as methanol with the water
removed. From an aviation viewpoint, it is crucial to leave out
the weight of all that water. Even in an automobile, for equal
operating range, a filled LNG tank is about the same size and has
a lower weight than a filled gasoline tank, while the comparable
methanol tank is twice as large and twice as heavy as either.

By today's economic groundrules, Qdftmaer's analysis shows it is
generally cheaper to liggefy natural gas by converting it to

methanol than to clean amd liquefy the PBatural gas by reducing
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cryogenically insulated fuel tank, tNG is a superb fuel.
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with diesel engine thermal efficiencies. But a methane engine
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is fueled. According to Beech, their standard I8-gallem tank
does not vent any vapor for about ten days in average storage.
At that point, venting is about one cubic foot of gas per hour.
This amount might be ignored, vented to the outside from a
arage} or even returned into the municipal natural gas system.
owever if the car is operated at any time during the ten-day
period, the tank is returned to zero time.

Beech has operated an LiGpowered car in the Washington area for
several years, parking it in the basement garage of its office
building. During this time the tank has not yet vented, because
of fairly frequent use. Although the car can operate on either
gasoline or LNG, it has not been driven with gasoline. Baltimore
Gas & Electric maintains a terminal for LNG imports from Algeria,
so that fuel is available in Baltimore, and at about 150 other
terminals in the U.S., for about 55 cents/gal. Long-term LNG
storage is practical. Municipal gas distributors receive LNG
shipments year-round, but use the gas to supplement gas peak
load demands during the winter months.

Beech is enthusiastically pursuing the automotive LNG market,
with the hope of building a base of experience for introducing
LNG into general aviation.

It is noteworthy that methane, like methanol, can also be
produced from all types of hydrocarbons, including coal, peat,
biomass, organic wastes, and the like. Beech is active in these
fields, including methane from landfills, from city sewage, from
chicken manure, etc. Beech offers its experience as program
architects and managers, assembling systems with available
industrial equipment for collecting, cleaning, liquefying and
storing the methane, then offering Beech-developed equipment for
final fueling of the vehicles, and the LNG fuel system within the
vehicles themselves. Other manufacturers offer similar services
or systems.

This author believes methanol and LNG are at close to a dead heat
in their ability to replace gasoline for U.S. highway vehicles.
Methanol has an edge in being a more conventional fuel and in the
likelihood of its worldwide production. LNG has the decided
advantage of being a superior fuel and, as far as aviation is
concerned, an attractive replacement for aviation gasoline, as
well as a practical replacement for jet fuel.

Much depends on how the future develops. If world gas producers
begin manufacturing methanol and offering it as worldwide cheap
erengpys that should set the course. If natural gas deregulation
Is successful in the U.S., and gas prices remain reasonable or
drop lower (as the author believes they should), and/or if
magnetic liquefaction becomes economical on a large industrial
scale, LNG would be an outstanding fuel. But, if U.S. natural
gas does succeed in becoming unregulated and cheap, probably the
demand for petroleum will drop so drastically that petroleum
prices wiilll.lbe kept low for at least another generation.
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Unfortunately, this LPG safety hazard has been taken as an
indication that all liquefied gases are dangerous. Since LNG is
liquefied by low temperature, its system is pressurized only to
some low, nominal level. LNG does not immediately gasify in case
of a system rupture. A cigarette will be extinguished in a pool
af LNG; tracer bullets can be fired through its tanks without
ignition. But the local ordinances which often prohibit
transport of LPG across certain bridges or through tunnels,
usually are written so that they apply equally to LNG.

If LBG were used by general aviation, the added demand would be
low enough so as not to interfere too much with the industrial,
remote residence and recreational markets. On the other hand,
considering that when the economy is healthy and more private
owners wish to fly their airplanes, that is the time they will
face competition for LPG from the other recreational users. And,
a switch now of some aviation demand fmosm gasoline to LPG would
not appear attractive at a time when demand for gasoline is still
falling. At any time, some new industrial use for LPG could
develop a new demand and justify LR&G's special attributes as a
high-priced fuel. Aviation might find itself priced out of the
market.

Since there is currently no general price advantage, since the
market is small and aviation could be the victim of future market
developments, and since LPG presents appreciable safety hazards,
LPG offers little appeal in aviation.

Methane is a clean, energetic fuel with many advantages. When
LNG is liquefied by low temperature, a tank will hold about 600
times as much methane at atmospheric pressure as it would at room
temperature. But when methane is at room temperature, as more
fuel is added to a tank te increase vehicle range, the tank
pressure must rise. For use in ground vehicles, methane is
usually compressed to 2500-300@ psi. The tanks are very heavy,
comparable to the high-pressure industrial tanks used for bottled
hydrogen, nitrogen and acetylene. These usually weigh about a
hundred pounds apiece and, with CNG, hold about the equivalent of
a gallon of gasoline.

A typical car fueled by CNG is limited by weight to about two
such high-pressure bottles and the car's range is therefore
limited to about a hundred miles. So the missions for CNG
vehicles are similar ta those for electric vehicles, where
battery weight is often about half the weight of the vehicle.

CNG vehicles have been fairly popular in Italy since WWII and
Italy has developed special tanks which are lighter than those
used industrially in the U.S. In its study of how to wuse its
natural gas supply, New Zealand is said to have studied derivable
alternative fuels as muwdh,or mare than any group. They will
convert much of their natural gas to gasoline by the Mobil M
process, with deliveries scheduled to start in 1986. In the
meantime, their government has provided both LNG and CNG filling
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stations for citizens and industry who convert vehicles for
either of these fuels. It is understood that LNG is fairly
popular, but that CNG has not made much penetration in New
Zealand.

While an aircraft engine could be easily powered by CN&, the
weight of the fuel tanks would be completely prohibitive.

Ethar&lAlcohol, "Grain Alcohol"

Like methanol, ethanol can be manufactured from petroleum, by way
of ethylene. Industrial ethanol is made by this process for the
fairly small demand of 100 million barrels a year. But, by this
method, the price of ethanol is higher than for methanol or
gasoline. Ethanol is not basically attractive for fuel uses; its
attraction arises froom the fact that it can be made from surplus
agricultural products. With suitable tax advantages and other
incentives, it can be made competitive for fuel additive
purposes. Support for fuel ethanol depends on a given nation's
economy and interests; it may vary from time to time.

As is well known, Brazil has produced cars to run on ethanol made
from sugar and cassawa products. More recently, with the rising
world price of sugar, Brazil may be in a no-win situation. 1ts
"aleagas" is said to be now trending more toward "gasohol".

Like methanol, up to around 1@ ethanol can be mixed with
gasoline as an octane extender, raising the octane number by 2 or
3 points and essentially converting standard unleaded gasoline to
medium-grade or premium unleaded. The ethanol is considerably
more expensive than the gasoline but, as an anti-knock agent, is
about competitive with higher-octane auto unleaded gasoline. 1ts
cost is also assisted by tax advantages, both state and federal.
Previously marketed and advertised as gasohol, it is currently
usually identified only in the fine print.

In the U.S. today, some 300-4@@ million gallons of ethanol is
being used in automotive fuels. This may seem a rather sizeable
amount when compared to the industrial ethanol consumption. From
the automotive standpoint, however, this use is trivial compared
to the approximately 100 trillion gallons of highway fuel used in
the U.S. annually. But it is enough to interest U.S. distillers
and, for some time, U.S. farmers seeking a wider market for their
grains.

Ethanol produced for human consumption is made from fruit or
grain into wine, beer or whiskey. These feedstocks are too
valuable for fuel purposes. Also, while ethanol can be made from
a variety of sugars, or starches which can be converted to
sugars, the process is through fermentation into alcohol by live
bacteria. Conditions must be clean enough te be favorable to the
bacteria and the process is inherently slow.

Following fermentation, the alcohol must be separated from the
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splitting water into its components, although there is a goad
market for oxygen.

There is considerable foreign interest in hydrogen, particularly
in countries which have an electrical situation different than
our own. Eastern Canada, for example, already produces more
hydroelectricity than it can consume, while it is also selling
about as much surplus to the NM.E. United States as the market
will bear. But Canada has more hydroelectrical sources which
could be tapped; their interest in hydrogen is fairly active.

Even some Canadian powerplants which burn fossil fuels to produce
electricity have active programs to develop hydrogen for peak
shaving power during high periods of electrical demand. The
decision i1s purely one of economics. During low demand periods,
the plant can produce excess electricity, which it may use to
manufacture hydrogen from water, having a favorable market for
the oxygen it also produces. During peak demand periods for
electricity, the plant can burn the hydrogen in gas turbines
(presumably aviation-type gas turbines). Under these
circumstances, it may be concluded that the plant finds its
hydrogen cheaper than buying jet fuel for the turbines.

In another case, a proposal, rather than an actual industrial
endeavor, a Southern California utility consortium sought to
manufacture and liquefy hydrogen from Montana coal, which was
already being shipped to the California desert area for
manufacturering electricity. By selling byproduct electricity to
powerplants at the site and surplus electricity to the utility,
as well as making some heavy water for Canadian fission breeder
reactors, the consortium sought to produce 10@ tons of LH3 per
day and deliver it to Los Angeles Airport at a price peT Btu
lower than that of jet fuel. That proposal at least suggests
that there may be conditions under which hydrogen can be produced
in competition with existing fuels.

It may be worth repeating here the conclusion in Lmpect that,
other than magnetic liquefaction, there are no known prospects
for significantly reducing the cost of liquid hydrogen. Cheap
electricity appears to offer the best prospect. Or, as seen
above, unique accounting and marketing of byproducts, may offer
some feasible avenues.

In anticipating the future for energy, it is probably more
important to have flexibility than conviction. The present
petroleum picture and the future indicate that petroleum still
has a long run in the market. Alternative fuels may have a long
wait before making any real entry. The tremendous resources of
shale, coal, peat and probably gas, may continue to crowd
hydrogen off the entry list. But things may change at any time.
Other nations account for their costs differently than we do.
Coal is being liquefied in South Africa; gas will be converted to
gasal ine in ‘New Zealand. When the French are well supplied with
fission breeder reactors, electricity may become cheap in their
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eﬁonomy and hydrogen may become an attractive portable fuel to
them.

The reason for including hydrogen here is not because it is
expected to influence aviation in the near future. But hydrogen
should be viewed constantly as a candidate in the fuel contest.
Liquid hydrogen is attractive enough in aviation so that, if it
should become economical, it could affect aviation early in its
career. But there is no reason to galvanize aviation interest
toward hydrogen. Although it will take ten years to develop the
new airframe-engine combination to realize the full value of LH,
there should be ample warning to the aviation community before
hydrogen can become available in sufficient quantities at a
competitive price.

Synthetic Fuels

As a base point, it is convenient to refer back to NERR1983 and
consider the DOE's forecast for the part that synthetic fuels
should play in the U.S. petroleum picture. DOE's projection is
not fine-scale and it does not show the contributions of
synthetic R&D projects, only synthetic production in multiples of
100,600 BPD. But that is probably a practical view. It does not
show any synthetic inputs to the oil market until year 2008, when
the contribution is 100,000 BPD, less than 1% of U.S. domestic
oil production at that time. But activity begins to build fairly
rapidly, with production reaching 500,600 BPD in 2005, nearly 4%
of domestic oil output and, in 201®, rising to 1.5 million BPD,
almost 12% of domestic oil production. So DOE considers shale a
definite contender, but considerably delayed into the future.

DOE's timing for introducing synthetic fuels is necessarily
sensitive to the rate at which they see the demand for OPEC
production rising above the OPEC price threshold, about 8@% of
OPEC production capacity at any given time. The DOE forecast for
synthetic production penetration also depends on assumptions as

to how the costs of shale-oil production will react to the
general inflation pattern (as oil prices rise, the cost of
synthetic 'fuel plants rises). It is notable that DOE does not

include any other synthetic fuels in the oil picture, only shale
oil.

DOE does anticipate that coal liquids will begin to become '
available at the same time, year 20@0®, and in the same quantity,
100,000 BPD in that year. That fuel is assumed to be used in
generating electricity. But the coal synthetic industry grows at

a much slower rate than that for shale oil. It increases to only
200,000 BPD i n 2005,and to 700,000 BPD in 201®, less than half
the growth rate for shale oil.

In any case, at least as seen by DOE in NEHH1983, no synthetic
fuels will affect the U.S. energy picture until 2000, while their
rate of introduction will remain quite low for some time
thereafter. But that is projecting far enough ahead so that no
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synthetic fuel project manager should be particularly perturbed
by these conclusions.

Al ter native s axxidgdygy

Coal

Most of the material here is taken from "New Technologies for
Burning Coal," DUOEZHE=40B0, December 1982 and the NewyHhnemgpy
Fact Book of 1979, published by Q413.

As is generally recognized, anyway it's measured, the United
States holds a colossal amount of coal, more than any other
country in the world and more than a quarter of the world's total
gug@h% According to the World Energy Conference of 1977, the °'
U.S. as almost 28%, with the USSR second at just over 17 and
China third with 15.5%.

In 1976 our proved reserves were 438 billion tons and, since our
greatest rate of production has never exceeded a billion tons a
year} those reserves will last a long time. In addition to the
proved reserves, out total estimated U.S. resource, mapped and
explored, is 1,734 billion tons. Adding the unmapped and
unexplored estimate, we show a grand total of nearly 4 trillion

tons. If mined at a billion tons a year, that rounds out to a
4,000~-year supply.

In 1982, the U.S. produced over 833 million tons of coal, up from
about 824 million in 1981 and 563 million back in 1973. Of the
833 million tons produced, we used 707 million domestically.
Almost all of our consumption is in electrical generation or as
coke in industry; in 1983, almost 60@ million tons was burned in
electric utilities. The 833 million tons produced is about
equivalent to 3.6 billion barrels of oil, or about ten million
barrels of oil a day. That recalls an earlier observation that
our domestic coal production is about equivalent to our domestic
oil production (as well as our natural gas production).

So our limitation on using coal lies not with the supply. The
problems with coal are in handling and burning it cleanly.
Although improved technology will help coal to be used more, in
1973 the price difference between coal and oil was only about $2

per barrel oil equivalent. Today the difference is more than
$20)y/bitsl. With that price difference, considerable expense can be
borne to make coal environmentally acceptable. The largest

problem with coal is in its sulfur content.

The sulfur content in coal varies considerably from region to
region and even in the same seam, varying from less than 1% to as
much as 6-7%; 2-3% is the most common. But a single seam can
vary as much as the maximum. In general, eastern coal is high in

SL_Jlfclj.Ir, but it accounts for nearly 7%% of the coal presently
mined.
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released. As implied above, coal can be cleaned at the mine,
where about 20-558#8 of the sulfur can be removed now, not enough
to meet environmental standards for new power plants. To achieve
the 9®% goal, sulfur and ash must be removed by grinding the coal
from today’'s 1/100th of an inch to 1/1000th of an inch, the
consistency of talcum powder. DOE hopes to improve this physical
cleaning to extract more than 7% of the pgmiitic sulfur and ash.

The surface characteristics of coal tend to attract oil and repel
water so, when fine ground, instead of separating by gravity, the
coal can be coated with an oil-based substance that adheres only
to the coal. The mixture is fed into a froth flotation cell
where mechanically agitated air bulbliles adhere to the coal
particles and float them to the surface, leaving ash and other
minerals in the tank. In a similar operation, after coal is
coated with the oil-based liquid, the mixture is violently
agitated to agglomerate the coal into larger particles that can
be separated.

Pure coal is slightly dinmgred¢tic, weakly repelled by a magnetic
field. PRyitic sulfur is slightly paramaggeattic, attracted by the
field. An advanced coal cleaning process is being based on this
principle.

Unlike physical coal preparation, chemical cleaning removes
substantially all the pgtritiec sulfur plus varying amounts of

organic sulfur. Several chemical processes are in their early
experimental stages and costs will be higher than for
conventional physical cleaning. Another experimental approach

uses microwaves, which pass undisturbed through wet coal, but not
through impurities. These two processes together have reduced
ash and sulfur by nearly 9@% in laboratory tests.

The wet coal must be dewsttered in centrifuges, vibrating screens,

filters, or thermal driers, none of which works well. So DOE is
working with chemicals known as “flocculating agents” that cause
small coal particles to mass together following cleaning. Fine

coal assists in cleaning but poses problems for bulk shipping.
Research is also under way to develop low-cost, low-moisture
binders that will reconstitute the coal into sizes more
economical for shipment.

Recent work in stack scrubbing has shown that by careful control
of humidity and temperature inside a spray drier, more than 90%
of sulfur from eastern coal can be captured using only about half
as much lime as previously thought. Efficiency of conventional
scrubbers has been improved by adding chemicals such as adlipic
acid. Dried scrubber sludge has been blended with fly ash, lime
and cement and compressed into blocks. Today’'s research is being
aimed at removing SQ, and NQ_, in a single step, rather than by
current expensive d5d  less{ effective multiple steps. By
contrast, a two-step electrostatic precipitation system promises
to remove unburned particles at about half the capital costs of
conventional systems.
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One of the most promising methods for removing pollutants and
completely eliminate the need for scrubbers, is fhuidizsai-tecd
combustion, inside the boiler itself. A conventional boiler
burns coal blown in at several levels, permitting the hot

combustion gases to swirl up and out of the boiler. Fluidizad
combustion suspends a mixture of coal and limestone, the hbedh,
on upward-blowing jets of air. The mixture acts like a

turbulent, boiling liquid--hence the name "fhuwidiisadi bed”. The
limestone, chemically changed to lime in the comilmsstor, absorbs
the sulfur dioxide before it reaches the stack.

Since combustion temperatures in fluidized beds range from 1450
to ]LTMF, significantly less than the 2700°+F of a conventional
boiler, output of nitrogen oxides is reduced by about half.
Fluidized bed boilers are also more compact and should cost
slightly less, while they operate well in smaller sizes and
therefore should find wider application.

The “grandfather” of U.S. fhluidiizeed bed coal comiusstors is a
5004w unit built around 1965 in Alexandria, Virginia, with funds
f ram the Federal coal research program. This unit confirmed the
design principles and has led to improved methods for coal
feeding and later industrial-scale fhuidizedted combnsstors. A
newer 10-Miw unit at Georgetown University in Washington began
burning high sulfur coal in 1979 which, in a test program to
1982, confirmed that the fhuidized bed concept could meet the
stringent air pollution standards.

Based, on these and other units, industry is now working on
commercial installations, while. DOE is working on a new cycle of
development. One idea would force pressure pulses through the
bed to improve combustion, like the pulse-combustion gas furnace,
which operates in principle like the German V-1 buzz bombs to
increase compression ratio above atmospheric.

In another wversion, by pressurizing the system to 6-16
atmospheres, the boiler output contains enough energy to power a
gas turbine-generator, plus produce steam for another turbine.
This type of combined cycle offers efficiencies up to 40%,
compared to the 32-34% for conventional coal-fired power plants
with scrubbers. Recalling Fipg1-1, this type of development will
assist in reducing the 26.2 Quads of end-use losses, which
accounted for over 30% of the total energy consumed in the United
States during 1982.

But these combined cycles erode and corrode turbine blades,
unless particles can be separated out, blade's can be protected by
coatings, or other protections devised. Aunttiss\Wright i s
working with DOE on a 13 Mw pressurized fhuidizad-ted power plant
at Woodridge, New Jersey and has developed methods for both
separating paaticulates and coating turbine blades. This unit
should start tests in 1983, operating on funds from an industrial
group. DOE is also working through the IEA with the UK and the
FRG to test a pressurized system which began operation in
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Yorkshire in 1986 and should continue through 1983. The UK is
also studying the fhuidized bed system's ability to adjust
demands for electrical load following.

Finally, coal-liquid mixtures offer another avenue for improving
coal handling and combustion, to make it more competitive with
oil and gas. This principle dates back to trials by the Cumard
Company and the U.S. Navy in the 192@0s. Before the first oil
crisis, many utilities switched from coal to oil, but are now
unable to switch back to conventional coal because of
insufficient space for coal-handling equipment. Coal-liquid
mixtures may offer alternatives.

Coal-water slurries may contain up to 7@% coal, and use no oil at
all. Such a mixture was used by Jersey Central Power and Light
in 1961, but no further work was done until the miid-1970s.
Working with DOE, Atlantic Research Corp.. in Alexandria, Va. has
shown that stable mixtures of coal and water can be prepared,
stored and handled like coal-o0il mixtures. More important,
conventional oil-handling equipment can accomodlate coal-water
slurries with modest modifications.

Today, DOE has begun a three-year research program with
Combustion Engineering, Inc. and TRW to build a data base on the
handling and combustion of coal-water mixes. Work is also
}Jndlerway on coal-methanol, coal-ethanol and other hybrid coal
uels.

Coal burning has already progressed significantly from the 1940s.
Some of today's coal-burning plants are cleaner than ones which

burn oil. Improved techniques, including better coal
preparation, combustion and scrubbing all promise to provide a
better market for coal in the future. Many utilities and

industries mpy switch to coal-oil or coal-water slurries,
depending on capital costs of systems now under development.

And , .lurkiimg in the background, there are possibilities for
better and cheaper ways of converting coal into liquid fuels,
including methanol, gasoline, diesel and jet fuel. Methods
exist; if the cost improves, they can become very important.
While coal may appear a mundane and farfetched subject to the
aviation community, both by replacing oil and gas, and perhaps by
contributing transportation fuels directly, it may eventually
have major effects on aviation's ultimate destiny.

In its analyses for NEPR1983, DOH/EIA concludes that U.S. coal
consumption will increase more than for any other form of energy.
From about 30% of the nation's domestic energy production today,
it is expected to increase to over 4@ in 2010.

synthetic Fuels

Synthetic fuels and oil from shale were discussed at some length
in the Dmgprarct report and there is little additional to review at
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progressively heavier crude oils and to reduce production of

heavier products, such as residual oil, whose markets have been
shrinking.
While a major trend in refining may still not be completely

confirmed, refiners appear to be on the threshold (or moving past
the threshold) of developing catalysts which will (or already do)
greatly reduce capital costs as well as processing costs in new
plants. The refining industry is reluctant to discuss these
prospects because of intense competition. These catalysts appear
to be able to: (1) produce products more selectively, reducing
the mix of products or maximizing a desired product, (2) act more
rapidly and in a single pass, reducing the size and complexity of
plant equipment, (3) reduce the costs of catalysts and their use,
such as through liquid state or disposable catalysts, (4)
accomplish their conversions at lower temperatures and pressures,
conserving energy and operating costs and, (5) by operating at
less extreme conditions, reduce the strength and cost of refinery
vessels required.

If and when these trends are confirmed, superior quality fuels,
including jet fuel, should become available at conventional or

lower prices. This is an optimistic view of what appears to be
going on.

At any rate, use of severe hydrogenation and catalytic processing
of various types is likely to increase in the finishing of future
fuels, including jet fuels. Being made of literally synthetic
molecules, these products will lack most of the impurities and
some of the characteristics (such as lubricity) of today's fuels.
Since the specifications for today's fuels were built from a
purely petroleum base, these synthetics may either add qualities
or lack qualities that are universal in natural petroleum fuels.

Consequently, in the fairly near future, one to ten years, it
should be desirable to establish a new base of fuel
characterization data and specifications. These new
specifications should include and describe all the
characteristics that various fuels should possess (and exclude)
for safe and satisfactory operation.

Nuclear Power

Nuclear power was discussed briefly in th Dmpact report and will
be mentioned here largely as an updated comment. The state of
nuclear power in the United States is a graphic illustration of
how Joublic values, or the public's sociological view, can affect
the development of an energy source.

As in some other parts of the world, nuclear power has met strong
political resistance in the U.S., delaying or cancelling many
projects and raising the costs of all. Whereas a few years ago
nuclear powerplants exhibited a clear economic advantage over
those powered by coal and other fuels, today's environmental,
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safeguard and permit problems for nuclear plants lwmve about
priced them out of the market.

Indeed, because of these difficulties and delays, and often
because of adverse public relations, utility companies who must
deal so directly with the public find great difficulty in
committing to construction of new nuclear plants. Nuclear
specialists are more often heard to observe that they do not
expect any more nuclear powerplants to be completed in the U.S.
during their lifetimes.

In preparing the data base for NEPPRIKEBB, EIXN's projections for
nuclear power are founded on plant-by-plant analyses which are
updated each year. They note that this year's projections for
nuclear are lower than any issued in the past. In addition to
some plant slowdowns and cancellation of some plants as much as
30% complete, they note that no new plants have been ordered now
for several years. Some of this situation is because of lower
electrical demands than expected, financial constraints on
utilities, and higher construction costs. But part of these
latter two constraints results from the Three Mile Island
incident. EIA expects that orders for new nuclear plants will
resume in the late 1980s when the demand growth for electricity
recovers.

The time and rate at which new plant orders resume will depend
strongly on public policies at the time; consequently, EIA notes
considerable uncertainty in its forecast. In year 2000, they
project a low estimate of 11@ gigawatts national nuclear capacity
whereas, in case of sustawttial regulatory reform, the capacity
could reach 140 gigawatts. From today's nuclear contribution of
334 total U.S. energy, nuclear's share could therefore increase
to around 838 to 11%.

While the U.S. can afford to 'be critical of nuclear, having so
many other options available, countries such as France and Japan
cannot be so restrictive. France has therefore embarked on a
policy of developing breeder reactors which will form the
backbone of their electrical power system.

While fission nuclear power is controversial in the U.S., fusion
power is generally regarded as more benign. Perhaps it enjoys a
less definitive place in the future. Probably it is considered
less likely to produce undesirable wastes. As pointed out in
Loppadt, although fusion would not present the same disposal
problem with spent fuel, the shield material in a fusion plant is
likely to become highly radioactive and may, in the long run,
constitute as severe a disposal problem as spent fission fuel.
Further, many as knowledgeable as Edward Teller have remarked
that there is no reason to expect that the capital costs for a
fusion plant will be cheaper than for a fission plant. And since
the fuel cost in a fission plant is almost negligible in the cost
of its electricity, fusion may yield few financial advantages.
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Fusion power may be demonstrated satisfactorily within the next
few years but, as Teller and others have observed, probably
twenty to thirty years of engineering and development will be
required before it can contribute significantly to the U.S.

energy supply. In the meantime, U.S. nuclear growth will
probably be limited to completion of plants which are already
under construction. As EIA hopes, and their forecasts assume,
existing regulations may be relaxed. Some foreign nuclear

programs will no doubt affect the world oil market to a greater
extent than will U.S. nuclear activity.

Renewable Fiiergy<Sopress

As shown in Chapter 2, U.S. renewable energy supplies less than
8% of the national energy demand, while virtually all of this is
from hydroelectric power and from wood, mostly wastes used in the
paper and forest products industries. In their forecast to year
2010, the DQHE/EIA shows that renewsdiles are just about 8% of
domestically-produced energy now, and will *increase to about 14%

in 201@. The Olootentlal for expandlng U.S. hydroelectric capacity
is very limite

El®N's projected price increases in oil and gas are expected to
stimulate more wuse of wood, perhaps of large-scale wind,
piratosé Masiic, and possibly solar electrical generating
technologies. Even so, renewsddles are not likely to much affect
the larger markets of coal, oil and natural gas in the early part
of the next century. Of course, in case of a fine balance of oil
demand against world oil production, such as the demand for OPEC
oil production ElA forecasts in 1985, a relatively small energy
contribution may be successful in staving off oil price increases
for a useful time.

As EIA points out, "Major cost and technical feasibility
uncertainties affect renewstdlles projections. Factors such as the
future cost of competing energy sources, the rate of economic
growth, and consumer acceptance of new technologies in the

marketplace also affect future renewsiiles supply. The role of
renewatbles in the national energy equation is; therefore, highly
uncertain. Remewveddiles could develop from a modest current

contribution to a significant energy supply by 2016, depending on
factors which are difficult or impossible to quantify at this
time."

It should be noted that some energy sources classified as
renewalbles do not really fulfill that desfiniticon in the absolute
sense. Wood can be grown as a renewable but, if its use is
increased substantially, the world's available wood would be
depleted--it may already be in decline. Raising wood as a
biomass energy crop is not the most efficient use of land and
other resources.

Water power is not truly renewable on the long scale of time that
coal will be available, for example. Dams and their lakes
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An indication of the status of conventional geothermal energy can
be gained by a news release from DOE on August 30, 1983,
"Secretary of Energy Don Huodlel today announced the approval of
$99.6 million Geothermal Loan Guarantee Application for the
Niilam@ Project, located in the California Imperial Valley. This
will be the first commercial geothermal powerplant in the United
States to operate from hot water sources instead of steam. The
total project cost is expected to exceed $13@ million. The
project covers the development of a 2%,000-killowatt well field
and powerplant, sized to facilitate a later expansion to
approximately 49,0600 kilowatts."

4  .The plant to be constructed wiillalbe a dual-flash powerplant
based upon a fluid temperature of 525 F and is expected to become
operational in early 1986. The WMilaaxd loan guarantee is the
largest committed under a program begun in 1974 to encourage
geothermal development under Public Law 93-410, as amended. The
Niilamd project is expected to stimulate further private sector
development of other commercial scale geothermal projects.”

During the past two years, some encouraging indications have come
from the tremendous source of geopresmuwell brine under the Gulf
of Mexico Coast. Where it had been thought initially that these
resources looked fantastically large, it then appeared that they
were so extensively fractured that the energy was isolated into
small units. Since expensive wells are needed to reach the
depths as great as 30,000 ft, the costs of tapping these sources

appeared discouraging. Additionally, the salt content of the
brine tested high and indicated that dissolved natural gas would
be restricted. Importantly, energy in the dissolved natural gas

was many times greater than in the brine's pressure and
temperature.

More recently, brines have been tapped with temperatures of about

F, comparable to geothermal wells in the Imperial Valley.
But more important, this temperature permits the brine to carry a
concentration of natural gas which again begins to look
promising.

Where disposal of the vast quantities of brine had recently been
regarded as a major obstacle, it has been found that the brine
can be economically self-injected into existing shallow brine
aquifers, even after second-stage heat extraction. The cost of
these wells is still too high to be competitive but, with their
heat content now becoming attractive to industry, the picture is
definitely improving. Costs of methane from these wells would
now run almost competitive with deep-well gas from the Rocky
Mountain Overthrust region. The ultimate energy resource from
this region may be gargantuan.

As this resource is tested further, the U.S. may find that the

Texas-Louisiana area will provide yet another trump card in the
energy game.
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Solar Energy

The field of solar energy rightfully includes rain hydroelectric
power, wind, waves, and to a large extent, tides. For
convenience, the term will be used here for solar insolation, the
sun’s radiant energy which strikes the earth’s surface.

Enough solar proYects are now in progress so that fairly reliable
economic assessments should be available within the next few
years; including solar power towers, pimtkoxedltaies, ocean thermal
electric conversion (OTE]), salt ponds, and the like.

Probably already we can confidently say that OTEC can be useful
where there is a sizeable temperature difference between the
local ocean’s surface water and the water at depth, combined with
a market for the power nearby which does not have access to
cheaper electric power. For the U.S., this indicates Hawaii and
Puerto Rico are the most attractive sites, although the Johns
Hopkins Applied Physics Laboratory steadfastly contends that OTEC
ships grazing in tropical waters can produce methanol, ammonia or
other transportable forms of energy at competitive costs.

The State of Hawaii has been reviewing a whole myriad of
renewable energy possibilities. In addition to being well
situated for OTEC, Hawaii has one of the world's best wind sites
in the saddle between Mauna Loa and Mmuna Kea on the big island.
Its geothermal energy may be exploitable, although  not
conveniently occurring as steam, and its wastes from sugar cane,
pineapple and other agriculture may offer attractive sources for
methane. Hawaii has some appropriate desert areas for solar
power. And it already has landfill that can be tapped for

methane gas. It remains to be seen how these options might be
exploited and what the costs of energy would be delivered to
customers. These examples in Hawaii should be useful to

renewable interests in other locales.

The Crude Oil Windfall Profit Tax Act of 1988 provides until
December 31, 198%, a 19% nonrefundable tax credit for investments

made in renewable resource property. Eligible investments
include solar equipment to heat or cool buildings or to supply
hot water, or for technology employing wind. In addition, a 10%

investment tax <credit is offered for biomass property.
Approximately 20 states also have tax credit programs, energy
grants and other solar investment incentives. It is perhaps
ironic that the same act which offers these incentives places one
of the strongest deterrents on U.S. domestic oil production,
effectively granting an economic incentive to imported oil.

As T. Kemper Brotherton of Reynolds Metals comments in, “Solar
Energy & Technology Update,” lot—frergylcahiicingy eCarhece e,
Washington, March, 1983, "Wiith interest rates coming down, the
way it works out is that you can buy a solar system, finance it
and not be one cent out-of-pocket. In fact, at the end of the
first year, you will be in the neighborhood of $160® in-pocket
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thanks to the tax credit. How does it work? Fairly simply.
There is a 4®% tax credit for solar (for residences-Ed.). Forty
percent of $3000 is $1200. Your financing charges for that first
year will be maybe $300-40@0. Take that and subtract your fuel
savings and supplement it with your tax credit and you are
in-pocket with the amounts | indicated. Solar economics for the
industry have been fairly dismal. Solar economics for the
country and the consumer are pretty goodl.™

Solar installations, particularly domestic systems, are extremely
labor intensive systems. In typical systems the labor costs are
60%. This characteristic is a two-edged sword. On the one hand,
solar projects are appealing in creating jobs; on the other hand,
the high installation costs offset much of the advantage of the
renewable energy source.

Another characteristic, particularly for plindtoxeditaic solar
arrays, is that site preparation and installation of foundations
and supporting structures can easily exceed the electrical system
costs. It helps to select a level building site for large
systems. One of the important considerations in such a system is
to minimize the balance-of-system (BOS) components including
foundations, structures, intermodule connections, field wiring,
and system grounding. Recent systems have been installed with
much improved BOS costs, which some say are becoming competitive
with conventional energy sources.

Small plrdakoreditaic installations are already competitive in
remote locations, or wherever it is expensive to deliver
conventional power. If the cost of PV cells can be reduced by
thin-film technology, replacing expensive silicon crystals,
pinattoxadltaice installations should increase considerably. PV
systems offer one distinct advantage; they can be installed in
less than a year. But the installation, B@S, costs will always
impose a significant limit on their economic penetration.

Due to the fact that direct insolation systems can only operate
effectively for about eight hours a day under the best
conditions, solar energy may pay off best for peak shaving in
sunny areas where air-conditioning electrical demands are high
during the daylight hours.

The world's largest solar phookoxedltaic system today is three
times greater than any other PV system. Built on 20 acres by
ARCO Solar, Inc. near htegmaria, California and dedicated in
February, 1983, this plant is rated at 340 KWwée, enough to supply
about 400 average homes in Southern California. Considering that
Southern California Edison's 1982 g¢generating capacity was
13,606,833 Kwée, this world's largest PV system can contribute
about 0534 of Edison's customer requirements.

For well into the next century, there is little indication that
solar energy may displace significant amounts of petroleum in the
market.
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‘grandfathering' is essential to any entrepreneural ownership of
a project of this size."

Thus it can be seen that a facility of this type is not
financially feasible to a utility, even with the favorable

financial climate that they enjoy. It can be attractive to
investors only if energy tax credits are extended through the
life of the program. The contrast between these financial

benefits. , rampared with the tax and regulatory burdens laid on
fossil fudls, is rather striking.

"To further pursue Edison's corporate objective of having 30@NMWe
of solar capacity by 1990, Edison released a Solar Program
Opportunity Announcement (SPOA) on May 3, 1982, to solicit
proposals for a third-party ownership of Solar 108; proposals
were due September 17, 1982. Edison, therefore hopes to have a
minimum of one large solar central receiver by 199@ at or below
avoided cost to its ratepayer. This 30@We goal would increase
their current capacity by only 2.2%, or Solar 100 would itself
add only 0.73%.

WwWind Power

Like other forms of energy, wind power has had its ups and downs
through history. Invented in Persia, windmills were spread
through Europe by the crusaders, but could not compete with water
power in colonial America. In the mid 18080s, however, the
mudtti-blded, automatically regulated, waterpumping windmill
played a major part in opening up the West, providing water for
people} cattle, and railroad locomotives. Small windmill
electric generators were used extensively in the Midwest in the
1920s and 3®s, until rural electrification took over. Windmill
electrical generation was re-exaaminedi as an alternative to
oil-fired generation at the time of both world wars, then cheap
oil returned.

Now the subject is being reviewed both here and abroad. Although

windmill development <continued in Europe during Ilong U.S.
disinterest, the DOE ("The State of Wind Energy Development
Overseas," Louis V. Divone, Director of Solar Electric

Technologies, 1@th Energy Technology Conference, Washington,
March, 1983) considers that the U.S. currently leads in
technology for both small and large machines. Divone reports
that there are many hundreds of new 20-5@&w systems now in use om\
farms in Denmark.

The International Energy Agency (IEA) has a cooperative agreement
on large wind energy systems which requires that members build
one or more large systems; Denmark, the U.S., Sweden, Germany,
the U.K. and Canada are participating. The largest U.S.
installation to date is a DOE-sponsored cluster of three 25%MW
NOB-2 windmills built by Boeing Engineering and Construction Co.
at Goldendale, Washington. DOE has in progress a competition to
build a single 7.33MNW model for operation in 198%. The largest
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field of wind machines in the U.S. is 206 windmills of 50@kw each
at' Altamworit, California, for a total of 1MwW.

All of these are, of course, small in comparison with Solar 1800's
10eMW, which we have seen is a very small producer in comparison
with a large utility company's output. All these renewsatiles have
in common the need for investment credits and other financial
benefits.. In the case of windmills, it is interesting to
conjecture how long they may enjoy public favor if they are
erected in enough numbers to make a real energy contribution.
Already some have been noted critically because of "visual
pollution”, noise, and interference with television reception.

World Energy Conference

The World Energy Conference held its triemnmiel meeting at New
Delhi, India in September, 1983. It is interesting that none of
the some 150 technical papers presented discussed the
availability or the estimated quantity for the world's remaining
resources of fossil fuels, although previous conferences of 198@
and 1977 expressed deep and detailed concern. Instead, most of
the 1983 meetings addressed energy plans of various countries,
largely third-world countries, methods for using fossil fuels
more efficiently, and particularly methods for employing
renewable forms of energy.

This apparently significant shift could be viewed in two ways. A
proponent of renewable energy might conclude that renewable
sources are the most important matters in world energy today.
Others may conclude that most countries of the world now are not
alarmed about the prospects for fossil fuel supplies and prices,
but are concentrating on how best to use them. One could
conclude they are interested in renewslles in order to reduce
their purchase of foreign energy. Neither this interest nor the
energy plans of these countries are likely to affect the world
energy market soon but, in the long run, third-world demand for
energy growth should outstrip the industrialized nations. For
the long run, it is interesting to consider some of the views
expressed.

India, for example, notes that their recent growth of electrical
power has been phenomenal; it is expected to be strong in the
future. Since India has little oil and needs more, Indian
electrical generation will grow in hydra, coal and more vigorous
future nuclear power. Strong system analyses will have to be
maintained to assure equitable distribution of electricity
throughout the country, as well as to optimize generating plants
between mine-pit locations and population centers.

Many emerging countries like Tanzania are regarding development

of virgin hydroelectric power. At the same time, they do not
consider it economically feasible to tie much of their population
into the electrical grid. Mini-hydra installations may help,

particularly in replacing present diesel-powered systems. Other
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nations like Yugoslavia, which have developed hydra power
intensively in the past, see the end of growth in these resources
and need to rely on thermal generation. Some are organizing
sophisticated evaluation of their hythoresources t o extract
maximum benefit.

The USSR smugly notes that it is the only large industrial nation
which meets both its energy and materials requirements from
within its borders, and expects to maintain development at
"outstripping rates.”™ Contrary to earlier reports from the
International Institute of Applied Systems Analysis, a Soviet
paper contends that they will extensively expand their electrical
system, with nuclear power in the European part of the country,
with coal, natural gas and oil-gas in eastern regions, and with
much more hydropower in Siberia. They will be increasing voltage
of electrical transmission lines, and moving to d.e. The paper
speaks much of international cooperation, technical assistance
abroad, and the "Final Act signed in Helsinki." "On their part,
the Soviet power engineers by participating in the Congress are
ready to contribute to creation of an atmosphere of cooperation
and good will."

Finland and some other countries are very interested in their
extensive peat resources, which the U.S. has also begun to
recognize. At present, only Finland, the USSR and Ireland use
peat to any significant degree, but several other developed and
developing countries have started peat programs. Answering
Canada's previous questions on using depleted peat bogs, Finland
believes cutaway peat bogs can be used for agriculture and
forestry, as well as for biomass production.

England is making more sophisticated seismic surveys of its coal
resources, also looking at synthetic gas from coal. The
Netherlands concludes it will probably not meet the coal goals of
the World Coal Study (Waice@l), but will continue developing coal
and oil; she will need to look more toward nuclear power and
natural gas. The International Union of Producers and
Distributors of Electrical Energy (UNIPEDE) sees the need for
improved management of electrical systems at all levels, using
more coal and nuclear power. Many countries reported on nuclear
power developments, recalling that the 1988 WEC in Munich
surprised the U.S. delegation by strongly supporting and urging
increased nuclear development (in spite of popular anti-nuclear
demonstrations).

Brazil concludes that sanitary landfills of its largest cities
hold good potential for collecting methane. Landfills can be
constructed better to improve anaerobic digestion and gas
production. Denmark is energetically developing heat pumps.
Korea is investigating district heating using waste heat from
powerplants. Libya and other desert nations are interested in
cogenerating electricity with production of fresh water. Canada
concludes that its oil sands production can be improved further
to remain competitive in the petroleum market. Augmenting its
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Chagter 8

Aviation Fuel Conservation

The FAA Office of Environment and Energy plans to hold a
symposium on aviation energy conservation in early Spring, 19®4.

Chapter 11 of the Jmpgract report contains a basic account of fuel
conservation in aviation, including the contributions which have
been made and additional contributions which may be made with
future developments and systems. Most of the options presented
there have now been pursued vigorously. Aircraft operators have
available a variety of suggestions and avenues for their
consideration. Remaining opportunities for fuel savings lie in
two main areas, air traffic control and purchase of new, more
fuel-efficient aircraft.

The new, automated ATC system has now gained the strong support
from Congress that it needs to assure development. One element
of that system is improved aviation wind information. But this
information will not be scheduled into the ATC system for at
least six to eight years. In the meantime, airlines should
investigate how they may improve wind data for flight planning at
an earlier time.

It appears that fuel saved by improving wind data should cost at
least %15 times less than the same amount of fuel saved by
buying new, more fuel-efficient engines or aircraft. Equally
important, improved wind data will benefit all aircraft using
improved flight plans and/or the ATC sysyytemyikile new aircraft
only benefit those wlwcan afford them.

Aviation Weather and ATC

It was shown in Mmpzect that some 1234 of aircraft fuel consumed
in the United States today may be saved with new air traffic
control equipment and the Automated Air Traffic Control (ATC)
System which it will provide.

About 3% of annual U.S. airline fuel, which is included in the
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necessarily similar and, particularly, that cruise ranges over
the U.S. are shorter than over the ocean; therefore the effects
of adverse winds should be less. Another comment has been that
winds aloft may be known better over the U.S. than over the North
Atlantic; the opportunity for improvement is therefore less on
domestic routes. Penalties for north-south traffic may be less
than for east-west traffic.

The argument may be academic. While winds over the U.S. are
measured by rawinsemnde balloons, their readings are taken only
twice a day. Balloon ascensions may require nearly two hours to
reach altitude, balloons drift in winds so that consistent
spatial reporting is difficult, while slant ranges from the
launch site become large and balloon altitudes may be reported
inaccurately. After the data are transmitted, collated and
resolved into a "nowcast"” consistent with balanced meteorological
principles, the results are 6-8 hours old. Additional time is
required to develop the various forecasts and transmit them to
users. The net result is that forecasts are often several hours
old. Sometimes a flight plan may be based on forecasts that are
24 hours old, or more.

While the North Atlantic is not covered by a surface weather
observation network comparable to that of the U.S., aircraft
flying those routes typically are equipped with inertial
navigation systems (INS), which can report winds accurately. The
3O-maillicm gallon fuel estimate was derived from 20,000
INS-equipped flights made over the North Atlantic. Few aircraft
flying domestic routes are INS-equipped because of the existing
ground-based navigation system. Consequently, it is truly
debatable which area enjoys the better (or the worse) winds-aloft
information.

But, in either case, the 300 million gallons lost was computed on
the basis of direct winds-aloft vectorial effects on cruise time
alone. The effects of unknown or adverse winds on aircraft
climbs and descents were not included. Much more important,
because the ATC system also does not have good wind data,
aircraft are often unnecessarily diverted or delayed due to
adverse weather which no longer exists, or has moved in location.
Due to this problem of uncertainty, ATC is generally conservative
in blocking out flight areas to be avoided. Still, occasionally
flights are vectored into unexpected adverse weather conditions,
so that ad hoc complaints by crews require ATC to quickly revise
their operating patterns. These interruptions and rearrangements
can lead to diversions and delays with much more serious effects
on fuel economy.

Lastly, the $30@0 million estimated is identified only as the
direct cost of excess airline fuel burned; critics of the $300

million figure their estimates on the same basis. But, from a
national viewpoint, fuel costs of non-airline aviation deserve
equal consideration. Further, total costs to the airlines

(delays, missed connections, etc.) considerably exceed their



8-2

necessarily similar and, particularly, that cruise ranges over
the U.S. are shorter than over the ocean; therefore the effects
of adverse winds should be less. Another comment has been that
winds aloft may be known better over the U.S. than over the North
Atlantic; the opportunity for improvement is therefore less on
domestic routes. Penalties for north-south traffic may be less
than for east-west traffic.

The argument may be academic. While winds over the U.S. are
measured by rawinsemnde balloons, their readings are taken only
twice a day. Balloon ascensions may require nearly two hours to
reach altitude, balloons drift in winds so that consistent
spatial reporting is difficult, while slant ranges from the
launch site become large and balloon altitudes may be reported
inaccurately. After the data are transmitted, collated and
resolved into a "nowcast"” consistent with balanced meteorological
principles, the results are 6-8 hours old. Additional time is
required to develop the various forecasts and transmit them to
users. The net result is that forecasts are often several hours
old. Sometimes a flight plan may be based on forecasts that are
24 hours old, or more.

While the North Atlantic is not covered by a surface weather
observation network comparable to that of the U.S., aircraft
flying those routes typically are equipped with inertial
navigation systems (INS), which can report winds accurately. The
3O-maillicm gallon fuel estimate was derived from 20,000
INS-equipped flights made over the North Atlantic. Few aircraft
flying domestic routes are INS-equipped because of the existing
ground-based navigation system. Consequently, it is truly
debatable which area enjoys the better (or the worse) winds-aloft
information.

But, in either case, the 300 million gallons lost was computed on
the basis of direct winds-aloft vectorial effects on cruise time
alone. The effects of unknown or adverse winds on aircraft
climbs and descents were not included. Much more important,
because the ATC system also does not have good wind data,
aircraft are often unnecessarily diverted or delayed due to
adverse weather which no longer exists, or has moved in location.
Due to this problem of uncertainty, ATC is generally conservative
in blocking out flight areas to be avoided. Still, occasionally
flights are vectored into unexpected adverse weather conditions,
so that ad hoc complaints by crews require ATC to quickly revise
their operating patterns. These interruptions and rearrangements
can lead to diversions and delays with much more serious effects
on fuel economy.

Lastly, the $30@0 million estimated is identified only as the
direct cost of excess airline fuel burned; critics of the $300

million figure their estimates on the same basis. But, from a
national viewpoint, fuel costs of non-airline aviation deserve
equal consideration. Further, total costs to the airlines

(delays, missed connections, etc.) considerably exceed their



8-4

The Instrument Landing System (IILS) will be supplemented and then
replaced by the Microwave Landing System (MNIS3). (The MLS will
save fuel in approach patterns and airport traffic capacity).

Airport improvements will continue, with emphasis on higher
airport traffic capacity.

"Automated and semi-automated weather observation systems will
assist personnel in making weather observations at manned
facilities and will provide observations from unmanned
facilities."

Pilots will have direct access to real-time weather through the
Automated Flight Service Station System.

Existing ATC control display systems will be replaced with modern
reliable systems capable of higher automation levels.

Terminal automation systems will be upgraded.

In the Automated Flight Service Stations, the quality and
efficiency of information will be improved.

ATC management will be modernized with high integration between
national and terminal traffic flows.

A ground-based Traffic Alert and Collision Avoidance System
(TCAS) will include a low-cost version for general aviation
warning alerts, as well as full collision avoidance with
instructions for evasive maneuvers, primarily for airline users.

En route primary radar will be phased out in year 2008. Terminal
radar with a weather channel will be continued.

Improved weather services for the ATC system will be provided by
a new radar. (This is the NEXRAD system under joint development
by the NW&, FAA and DOD).

-©-
The major fuel-saving accomplishment of the new, Automated ATC
System will be from its increased system capacity, producing
fewer flight diversions and delays. In addition to having

improved weather (including winds-aloft) real-time and forecast
data for operation of the ATC, air crews will have direct access
to the same information. This capability will improve pue-flight
planning -as well as provide for in-flight adjustments as
conditions change.

As would be expected, much of the NASP emphasis on weather data
improvements is directed toward severe and hazardous weather to
improve safety, particularly in airport terminal areas. At the
same time, all weather data needed to reduce delays and fuel
consumption are formally recognized and included in the plan.
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The concern about fuel consumption expressed in many quarters and
repeated and emphasized in the Igm report has now been fully
accepted. The winds-aloft requirement has been formally defined,
approved through the chain of command, and accepted as a discrete
development task sheet in the NASP planning document. It is
therefore automatically included in all planning and budgetary
exercises throughout the life of the parent Automated ATC plan.
Concerns for ATC fuel conservation therefore are now confined to
assuring that the wind portion of the weather program stays on
track, and accelerating the time of its effectiveness as much as
possible.

FAA Aviatioh Woerswer SystellPian

FAA's draft weather plan was presented to the public on August
18, 1983. Since that time, comments have been received and the
plan has been in modification. The completed issue of the plan
Is expected to be released before the end of 1983.

The FAA weather plan now fully recognizes, accepts and includes
the need for improved winds aloft information for fuel-efficient

flight planning and flight operations. It also provides all the
requirement definitions, infrastructure and other details needed
for collecting, processing, forecasting, updating, and

communicating the required weather information.

Specifically, the weather plan establishes that winds aloft data
are required by 1992 for the Automated Emmoute Air Traffic
Control (AERA) subsystem of the ATC, and is included in the
formal requirements for AERX. Neither the NRSP, the Automated
ATC, nor the Aviation Weather plan officially pronounces any
requirement for improved upper-air wind data earlier than the
1992 date established for AERX,

Unofficially, however, the National Weather Service (NWS) has
accepted the need for better winds-aloft data and has plans in
process which may bring about significant improvements by 1988.
There is one early experimental, demonstration program which will
address this subject directly, on a partial basis. This is the
NASA/NWS MERIT project.

Mimimulir Efergy” &seted Usiny Cotirar hive Reohnf qued (¥ERTH

NASA's MERIT project was conceived by Robert Steinberg of the
NASA Lewis Research Center in Cleveland, who made the original
study of winds-aloft effects on fuel consumption over the North
Atlantic. For the past two years, he has been located at the
NWS Environmental Research Laboratory in Boulder, Colorado to
manage the MERIT program under joint NASAMIWS sponsorship.

MERIT uses interactive graphics computer techniques for making
individual entries into and providing immediate revised weather
status reports from a complete national weather model. The model
provides both a rebalanced national nowcast and forecasts, as
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desired, on the basis of new information. For example, it can
provide a new, complete, balanced set of national results after
entry of only one new wind vector from a single location.

MERIT's purpose is largely to make use of pilot reports (piceps)
from cooperating airlines, many of which can be provided now by
automatic in-flight observations and data transmission. During a
three-month trial period starting the first of 1984, MERIT will
operate at irregular intervals to incorporate the weather
information available and assess the effects on airline flight
planning and fuel economy.

MERIT will start each operational day essentially with the basic
weather picture which is now provided by the NWS, based upon
rawinsende data. But, as information is received from
participating airline flights, MERIT will <continuously or
frequently provide new, balanced nowrcasts and forecasts. These
airline pirep reports will be supplemented by automated data from
four NWS vertical-looking, prototype doppler radars which will
continuously measure wind profiles up through jet cruise
altitudes from ground stations in Colorado.

These radars provide very valuable inputs by providing complete
wind profiles, as contrasted to winds at single altitudes, like
the participating airline flights. Further, the radars be
operated continuously, and their inputs are planned to be
incorporated essentially at half-hour intervals. The resulting
MERIT nowcasts and forecasts will be used by the participating
airlines and Aeronautical Radio Inc. (ARINC, the airlines’
cooperative communication network) and the FAA Denver Air Route
Traffic Control Center (ARTC). As may be seen, its
effectiveness will be limited by the number of radars and the
number of pirep aircraft in the test.

There are approximately 70 rawinsemde stations in the U.S.
Consistent with NWS analysis and forecast methods, national
nowcasts and forecasts are predicated on a macroscale grid with
nodes at essentially 15008 km, about a hundred miles. This NWS
system presents a weather picture which is satisfactory for
national surface weather purposes,' particularly when supplemented
by live ground observation stations. . But weather phenomena
pertinent to aircraft operation, such as the jet stream,
thunderstorms, icing, clouds, fog, etc. occur at the mneesoscale
level, in terms of tens of kms, a few miles. Whereas the
macroscale weather reports and forecasts can indicate the general
likelihood of weather conditions important to aviation, a
macroscale system cannot give discrete information important to
aviation. Further, until the NWS can collect data consistent
with meesoscale operations, forecasts made on a finer grid, but
from meesnscale observed data, would offer little improvement.

The MERIT model is constructed and operates on the meescscale, not
only to provide the detail of output desired, but also to retain
the messoscale detail of reports it will receive from both pireps
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and the Colorado profiler radars. MERIT is built upon the same
macroscale basic NWS national weather picture, but adds local
enhancements from the extra inputs it receives, largely from
pireps, but also from the local radars and from satellites. As
mentioned above, MERIT can respond to any single new input,
inserted anywhere into the national grid.

After its operation scheduled for three months, the results of
MERIT will be evaluated, but the system is not scheduled to
remain in operation. NASA may devise plans for a continuing
system or from an improved system growing out of MERIT. But it
is not within their mission, nor would NASA intend to implement a
system operating after MERIT.

The NWS is, of course, intimately involved in the entire MERIT
process and not only supplies, but developed the vertical-looking
profiler radars which MERIT will use. NWS would like to replace
their rawinsoemde observations with profiler radars or other
modern equipment. While the number of observation locations
would not necessarily be the same as for rawinsondles, neither
would they be as numerous as the difference between a macroscale

and a mexsopscale grid. Their frequent-recording capability is
only one asset which permits them to fulfill mesoscale
requirements smaller, reasonable numbers of stations. In a

modernized system, MERIT's capability for using pireps may be
retained. Both NASA and NWS studies indicate that a new network
of radar profilers or comparable instruments, would be much
cheaper to operate than the rawinsondles; their capital costs
would be returned in a very few years.

Unofficially, it appears now that with present commitments and
within budgetary priorities, the NWS may be able to improve this
weather observation situation starting in about 1988.

If airlines or others are interested in pursuing the possibility
of continuing an effort similar to MERIT, or build upon it to
bridge the gap until 1988 or 1992, they should follow the MERIT
operation closely.

A#Fosa it MMpcov arreneE—Ro fEn@iaj}

In Chapter 11, the Impact report included a rather complete, but
general outline of the potential for improving transport aircraft
fuel efficiency for the next one to two generations, to year
2000. The first of these new generations, the Boeing 767, is
just coming into service, providing fuel savings as high as
30-49% over the equipment it will replace. Both the McDonnell
Douglas DB-8@8 and the Boeing 757 are not quite as completely new
as the B7®7, but both will realize fuel savings nearly as great.

Aircraft design teams expect that subsequent generations of
aircraft will continue to provide comparable percentage savings
in the remaining fuel required. They see no end of potential for
saving aircraft fuel in the future.
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Plastic surfaces are smooth and fair, usually umstudded with
rivets, skin joints and other dliscomtinuities. Equally
Important, plastic components are rigid, so that they do not
wrinkle or dishpan under load, thereby presenting a smooth
surface under all flight loads and conditions. Smaller aircraft
also fky at lower Reynolds numbers, where the friction drag
coefficient is higher, providing a greater potential for saving
through natural laminar flow; the boundary layer is also not
gquite so sensitive as it is at higher values of Reynolds number.

Conventional airfoil contours can benefit by using smooth and
rigid plastic construction. Additionally, however, the airfoil
can be designed to naturally extend the region of laminar flow,
which could not be accomplished with standard metal construction.
Fig.8-1 shows that at lift coefficients above ®.5, wing section
drag coefficients can be decreased by as much as 15-50%.
Happdily, this effect increases at higher lift coefficients, so in
takeoff and climb, the power required may be appreciably
decreased. Also with improved drag at higher lift coefficients,
aircraft should be able to cruise at higher altitude, for further
fuel economy.

NASA points out that, for a wing with sustained laminar flow, the
wing stall is steeper, requiring more careful design of the
wing's flap or of the aircraft's flight control system.

From flight tests with carefully contoured sections on an
existing wing (Bellanea Skyrocket), NASA found a wing drag
reduction of 25%.

NASA believes future small engine designs could realize up to 3%
improvement in their specific fuel consumption and 4%% decrease
in engine weight. About 20% fuel consumption improvement can be

obtained with an advanced turboprop by improving various
component efficiencies, such as more efficient combustion and
turbocompounding. Some advanced cycles which use a stratified

charge would also be able to operate with broader-sypez fuels.
Advanced cooling methods can reduce engine losses and, through
smaller cooling-air requirements, also reduce aircraft drag.

Engine weight may be reduced by more turbocompounding, higher
internal pressures, higher RPMs, and advanced materials such as
titanium. Composite materials may be used in some applications,
while there is also opportunity for reducing internal engine
friction. VLighter engines will reduce installation drag and
decrease the overall aircraft weight, for either Dbetter
performance, reduced fuel consumption, or some of both.

NASA notes that conventional riveted skin-stringer aluminum
aircraft structure has been so highly developed that it is
difficult to introduce new aircraft materials or fabrication
processes. Investment in manufacturing tools and equipment also
contributes to the problems and costs of making changes. But
there is real opportunity for fuel savings of 4-17%, weight
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reductions of 1®-20%, initial cost reductions of 4-16%, and
direct operating cost savings of 5184 by using bonded structures
and other new techniques. These designs can also provide reduced

maintenance and probably improved crash safety.

NASA emphasizes that the potential weight reductions offered by
iImproved powerplants or structures should be valuable. For a
1®-passenger commuter aircraft on a 1OD-milde flight, a 10%
reduction in empty weight translates to a 7 reduction in gross
weight and a 6% reduction in required engine power and wing area.
This produces a 5% decrease in block fuel used and a 654
decrease in direct operating cost. So, saving one pound of the
aircraft empty weight (0.04¥8 of empty weight) would save $87 in
aircraft operating cost over one year or %1300 per aircraft over
a IS-year period.

NASA points out that the Leawrfan 2100 and the new AVTER 400,
a competitive design which will fly in 1984, are examples of new
composite-structure design potential; wing, fuselage, tail and
control surfaces are all graphite/epoxy. The Cessna Citation 11l
uses graphite/epoxy and KexMar/egpwry for structures which are
critical in weight or stiffness. Gates Lesarjet is considering
using composite structure technology to reduce wing weight on the
Longhorn 55.

NASA also notes that small transport aircraft systems,
particularly the avionics, or communication and navigation
equipment, can be improved in reliability and weight. Aircraft

control systems could be improved with fly-by-wire or
fly-by-light design, although industry is reluctant to move away
from mechanical/cable systems. With improved flight controls,

avionics and icing protection systems, NASA expects the potential
fuel savings could be 18-15%, for DOC savings of 6-1@%.

This NASA brochure goes on to outline technology developments
needed to obtain all these various, improvements. It also
proposes the general research program which will be required.
NASA is concerned that aircraft for commuter service do not use
the modern technoloyy of today's major airline aircraft, while
nearly all commuter equipment with passenger capacities over 20
are  manufactured abroad, although using U.S.-manufactured
engines.
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CHAPTER 9

Fuel Emeerganries

Probability of Disruption

As reported in the Impact report, an informal gadll of some ten
foreign-affairs analysts in the summer of 1982 concluded that
they all agreed the probability of a serious disruption in
free-world crude oil deliveries was about one in five years, or
at least two or more in any ten-year period, through the
remainder of this century. However, the Georgetown Center of
Strategic and International Studies (CS1S) has observed that,
while they agree with this opinion, they are certain it is not
unanimous among the community of foreign-affairs analysts.

FAA asked CS1S to convene a forum of some thirty or so recognized
analysts in this field, a fair representation of all opinions
likely to have been developed on the subject, for an active
discussion and reporting of both the range of opinion (on the
probability of a disruption) and the distribution of opinion.
After CSIS had begun active planning for the meeting in July,
1983, FAA was unable to sign the contract it had proposed early
enough to permit the conference to be held at that time.
Fortunately, the Department of Defense, through the Defense Fuels
SuppI?/ Center, has made the contract with CS$1IS§ and the forum will
be held on November 10, 1983.

Faced with the decision now whether to delay this report until
those results are available, it is concluded that other material
in this report should be made available without further delay.
It is with regret, therefore, that this chapter goes to press
incomplete and with such an early prospect for its most valuable
input. It is hoped that a preliminary indication of the CSIS
meeting may be inserted in Chapter 1, SUMMARY.

In the meantime since the Impact report, while there has been no
disruption, the threat has certainly not subsided. All the
internal strifes and risks among the Arab states and between
Islamic sects appear to have remained as volatile, perhaps more
strained due to further, unresolved extrapolation.

The lIran-lraq war shows no signs of conclusion, while delivery of
French Super Entendard bombers to Irag has sharpened the conflict
to nearly a stage of crisis. The Ayatollah Khomeini threatens to
retaliate for any BEmttendard strike against oil installations or

other lIranian interests by shutting off the Strait of Hsrmuz to
all oil traffic. Don QMemaxthorfer reports in The Washington Post

of October 9, 1983, "lrag to Use French Jets in Gulf War." "The
Iragi decision to change the tempo and direction of the war,
believed to have been made in Baghdad last summer, was
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transmitted to Washington officials in clear and forceful terms
in recent weeks, according to State Department sources.”

"All the analysts contacted agreed that the real impact of a new
reduction in the flow of crude oil from the Persian Gulf could be
largely if not totally offset by other countries outside the Arab
world. Many are producing at far less than capacity because
demand is low. *If Irag and Iran managed to halt each other's
oil exports entirely, the world would lose about 2.5 million
ba_rdrels of oil a day,' an official at a'major U.S. oil company
said."

Such a move precipitates just the kind of disruption that the
CS1IS forum is designed to assess, and there is no purpose here in
speculating further pending the CSIS result.

The CSIS conference plans to review four facets of the subject:

"A Retrospective Review", "Current Scenarios for Oil Supply
Disruptions"”, "Assessment of Probabilities for Oil Supply
Disruptions”, and "U.S. Policy Response". This will leave for

future review the effect of oil disruptions on the U.S. economy
and aviation.

U.S. [Emer d e O D i uptisns

The United States is one of 21 members in The International
Energy Agency (IEX), which is affiliated with the Organization
for Economic Cooperation and Development (OEQD), in turn, related
to NATO (North Atlantic Treaty Organization). Other members
include: Australia, Austria, Belgium, Canada, Denmark, Germany,
Greece, Ireland, Japan, Luxembourg, the Netherlands, New Zealand,
Norway, Portugal, Spain, Sweden, .Swizerland, Turkey, -and the
United Kingdom; although IEBA headquarters are in Paris, France is
conspicuous by its absence. While agreements under the IEA
officially are binding as international treaties, there has been
some debate as to how various members, including the U.S., will
respond in the event of an actual oil crisis.

Some believe that both the U.S. and other countries are likely to
act in their best separate economic interests at the time.
Others point out that, realistically, the U.S. and the other
nations already have strong enough economic dependency so that it
is not prudent for countries to act unilaterally. Unilateral
action would not only deprive important parts of the joint
economy, but would precipitate a chaotic price situation which
would imjunee’'all members. Perhaps it is safe to conclude that
the cowwse will not be clearly set in any direction. In fact,
the debate as to what is happening and what did happen may
continue during and after a crisis.

When administrative machinery has been set in place ahead of
time, however, there is strong likelihood that the machinery will
begin to operate in accordance with established policies and
procedures unless intentional countermeasures are introduced



9-3

during the response process. |If this premise is accepted, there
are still two major questions remaining about response to the IEA
treaty. First, will the emergency be declared and recognized by
iEA and its individual members; will the U.S. declare the IEA
agreement is invoked as soon as advised by IEA? Second, how can
the U.S. pursue its domestic policy of a free, governmentally
uncontrolled energy market and, at the same time, comply with IEA
allocation agreements?

Some indications toward answers to these questions have been
generated during a recent IEA exercise, but many more questions
appear to have been raised during the process than have been laid
to rest. This exercise was IEX's Allocation System Test Four,
AST-4.

The 1EA AST-4 Exercise

In the past, IEA has held three Allocation System Tests, AST-3
having been held in October and November of 198@. Prior to
A4, however, these tests have been largely tests of contacts
and communications within the IEA staff structure and their
primary national counterparts. AST-4 was established as the
first test in which each nation was requested to analyze its
energy and fuel operations (largely petroleum supply and
refining) during the exercise, and to respond with oil requests
and sharing offers to IEA for clearing among nations. In
addition, it would be the first test in which oil price response
to the exercise would be tracked. For those outside the IEA
organizational network, it was the first vreal test of IEA
agreements.

According to DOE, "The primary objective of AST-4 was to train
IBA industry and government personnel in the implementation of
the oil allocation system and to assess the effectiveness of
national emergency management programs.”

Planning and some preliminary communications preparations for the
test began in December, 1982. It is very important to note that
all nations agreed to use world oil data from 1981, as being the
latest which had been completely reported and evaluated. The
exercise would officially begin with notification at the first of

y 1983 from IEA, signalllimg that the exercise was in effect
and advising each country as to the amount of its delivery
curtailment. The test ran, twenty-four hours a day, through the
months of May and June. Each country was expected to model its
internal energy supplies and demands, resolve its activity in
fuel switching, allocations, rationing, or other actions.

Also for the first time, ASIT-4 would consider the mutual effects
of petroleum with electricity, coal, and natural gas within each
country. Presumably, if the test had run longer, changes in
international shipments of coal could have been evaluated. The
exercise was concluded at the end of June due to IEA fund
limitations. During the test period, however, it was planned to
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while responses appeared to be fully logical and reasonable.

U.S. internal policy was to invoke no regulations, no allocation,
and no federal action. The free market was not only to prevail,
it was to remain the sole basis for establishing trade agreements
and flows of supplies. The price of fuel would find its level in
accordance with unregulated market response. The U.S. did not
propose to draw on the Strategic Petroleum Reserve (SPR) unless
required by some serious supply dislocation on the national
scale.

Everything went smoothly and, following the initial disruption
notice from 1lEA, within a couple of days the hypothetical price
of crude oil rose to $B/biill. Under that impetus, trades
continued to be made and oil supplies continued to flow without
interruption or shortages. DOE concluded the affair was a
success.

But some of the ten participating U.S. states and some members of
Congress have concluded the $98/bbl price for crude oil would
impose dlisasteraus inflation and other penalties on the economy.
It is understood the Secretary of Energy was displeased that
these trends were not brought to his attention until the price
rise to $98/bbl had already occurred. The Netherlands and other
allies complained that, while they received the hypothetical
allocations they required, their governments could not accept the
higher prices their oil distributors negotiated by proxy. More
particularly, the Netherlands felt the U.S. SPR was fundamental
to the U.S. emergency mechanism and that it should have been
brought into play to prevent the price rise. And especially, the
Netherlands regarded the U.S. policy of adhering to a free market
during a major crude oil disruption as incompatible with-the
entire concept of control and allocation, as established under
the IEA agreement.

Although these issues have now fully surfaced in the media and
have been raised within the Congress, the press of other events
so far has prevented their active debate. In Energy matters, the
Administration’s proposed amendments to the Gas Policy Act of
1978 are more urgent. But it may be expected that, as the
federal process of budgetary hearings grinds through its cycle,
these unresolved AST-4 matters should be fully scrutinized.

AST-4 leaves several U.S. issues undecided. The Administration
has emphasized repeatedly that it fully intends free market
forces will determine market action during emergencies. It is
apparent that this policy had been intended both philosophically
and literally. Administration spokesmen have stressed that
Federal regulation of energy will be withheld until there is some
very serious dislocation of the economy. AST-4 has probably
provided the basis for more detailed definition and consideration
of how serious a dislocation must be before the SPR is invoked.
Also, AST-4 raises the question of whether a major dislocation
must actually have occurred before the Administration will act,
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or whether the onset of a calamity may be anticipated. There may
be a vast array of ramifications to these questions.

It must be remembered that AST-4 was run on the basis of the 1981
world energy situation. Energy demand and supply balances were
considerably different in 1981 than when ASIT-4 was run in 1983.
As discussed in Chapter 2, and particularly as shown in FHig.2-2,
the crude oil market price response to a rise in market demand is
critically dependent on the supply/demand balance at the
particular time, as well as on the idle production capability
(such as OPEC’s) at the same time. Whenever demand pushes
request for OPEC oil above 8®% of OPEC production capacity, we
should expect a rise in world oil prices. As pointed out in
Chapter 2, this price rise may easily be 16®% when the demand for
OPEC production reaches 9% of capacity. Conceptually, the price
of oil would approach infinity as the demand for OPEC oil
approaches 100%.

But these are only indications. Oil market responses are
unlikely to be so precise. New circumstances are likely to
affect the demand/supply/price balance each time a major market
stimulus occurs. If FHig.2-2 can be believed, a very small change
in demand could have held the AST-4 price to $58)/ bidl, or could
have shot it up to $200MH3l. We know from 1979-88 that local
stockpiling and panic buying can double oil prices when there is
no real oil shortage. So, does a $98/bbl hypothetical price for
oil in the 1981 market mean anything in 1983? Practically,
probably not. Politically, probably it does.

As pointed out in The Secretary’s Annual Report to Congress, DOE,
September, 1983, “The goal of national energy policy is to foster
an adequate supply of energy at reasonable costs--a goal on which
nearly everyone can agree. However, because judgments about what
constitutes ‘adequate’ or ' reasonable’ vary over time and with
circumstances, energy policy does not attempt to define these
terms precisely.”

Already it is understood that the line of responsibility of the
DOE offices for Energy Emergencies and for Strategic Petroleum
Reserves has been revised within DOE. If another exercise takes
place or an actual emergency occurs while Secretary Hotkel is in
office, it is probable that he will be kept closely advised of
the exercise’s progress and that he will be prepared to make
early policy decisions. It is entirely possible that, if
congressional hearings are held on the AST-4 exercise, on DOE
emergency preparedness and/or on the SPR before the next
emergency, real or hypothetical, additional factors will be
examined which have not yet been discussed nor recognized. It
should be a healthy debate, while all participants and spectators
should learn a great deal.

Finally, if the budgetary reviews of AST-4 should happen to bog
down, it is unlikely that our IEA foreign partners will languish
for long. These are issues which will be resolved; if not by
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plans and agreements, then later in the heat of a real emergency.

The Sllfateqgidifctroimuneisscrere (SPR)

The Impact report's Chapter 12 described the basic, general
working mechanics of the SPR. Although a number of SPR studies
and plans have been completed since June, 1982, there have been
no significant departures from the basic SPR plan nor its system
framework.

The Administration has continued to fill our SPR as the keystone
to its emergency energy policy. The past, Carter administration
had encountered much difficulty in attempting to fill the SPR,
triggering a mandate from Congress (the Energy Emergency
Preparedness Act of 1982 requires a minimum fill rate of 300,000
BPD, providing funds are available). The Reagan Administration
has energetically pursued this project. Perhaps helped by
events, the Administration nevertheless quickly concluded an
agreement with Mexico to assure that the SPR could be filled as
fast as storage space becomes available and the U.S. budget can
permit purchases.

As will be noted from the fill, rate chart of Impaadt, Fig.12-3,
from late 1982 through 1985, the SPR fill rate is limited by

available oil storage capacity. This Administration has even
discussed buying oil faster than SPR storage can be expanded,
keeping the oil in temporary storage above ground until

additional salt cavern volume can be leached out. The rate at
which the SPR should be filled necessarily conflicts current
events with forecasts for oil prices, with interest rates, the
state of the economy, the cost of above-ground storage, the
federal debt situation, the probability of crude oil disruption,
the state of private' petroleum stocks, the economic situations
with other IEA members, and so on.

But today's arguments about filling the SPR are a matter of
detail. The present policy for completing the fill is well
established and supported, while the actual filling schedule is
proceeding very well.

The SPR stood at almost 306 million barrels (293.8) at the end of
1983, at 350 million by the end 'of Kuggust,.1983, passed 365
million in the middle of October, and will level off temporarily
at 400 million before the end of 1984. These achievements are
all consistent with plans shown earlier in Fig.12-3 of

and, in fact, DOE purchased more oil in 1982 than provided for in
the 1983 budget submission. As also shown by Fig.12-3 of Impact,
in 1984-8% there is a necessary one-year hiatus in f?&m
filling while more salt-cavern space is leached. By 1986, we
should resume filling at the rate of 30®,000 BPD, a rate which
has been achieved in the past, and which is covered by our
purchase agreement with Mexico.

Our final goal of 75@ million bbl should be completed in 1989-90.
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Actually, the original SPR enabling legislation provides for a
full billion barrels of eventual reserve. However, it has been
tacitly agreed by all parties that 758 million barrels is an
appropriate point at which to stop and assess the entire national
and international energy situations before the final 250 million
barrels is committed. It may be significant that at the time the
SPR was created, it was anticipated that the U.S. would now be
importing between 8 and 11 million barrels of oil a day. While
our net imports ran at a rate below 3 MBD for a short time
earlier in 1983, at the end of October we were importing just
over 5 million barrels a day, including 490,606 BPD imported for
filling the SPR.

As the Secretary's report to Congress points out, "It is thus
apparent that the magnitude of insurance policy called for 5 or 6
years ago no longer is required, especially in light of the need
to control Federal expenditures. Therefore, on December 1, 1982,
the President submitted to Congress a finding that it would not
be in the national interest to fill the reserve at a rate of
300,08 barrels per day in 19838." This could presage the
possibility that the 300,000 BPD rate will not be fully resumed
in 198B: Even so, any reduction that is imposed is now unlikely
to affect the total impact of the SPR to any appreciable degree.
The SPR is already a significant factor in the international
petroleum market.

Use of the SPR

Present policy for drawing down the SPR was also presented to the
Congress by the same December 1, 1982 plan. The President will
determine when releases from the SPR will be made.

The present SPR deawdywm capacity is 1.7 million barrels per day,
consistent with the plan at the time of the Impact report.

Drawdowm capacity will increase to more than 3.5 MBD on
completion of Phase Il, also as shown in Fig.12-4. At the end of
Phase 111, with 758 million barrels in storage, the SPR will be

capable of delivering almost 4.5 million barrels per day, then
effectively one of the, world's largest oil producers.

As has been anticipated, the method for selling oil from the SPR
is planned to be by price-competitive sales. Quantities defined
by the President will be put up for auction. The DOE believes
participation in these auctions should be as wide as possible.
Bids from responsible foreign interests will be entertained along
with those from U.S. organizations. Further, there will be no
restrictions imposed on use of the oil bought. Critics contend
that this open auction procedure, with uncontrolled use, could
lead to speculation and further price instabilities.

The Administration counters with the view that a free market has

natural methods for discouraging speculation and other adverse
practices. Anyone attempting to control or corner the market
could as easily end up with a loss as with a profit. On the
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other hand, if speculators do bid up SPR sales prices, as seller
at higher prices, the Government will be the beneficiary.

As a measure of last resort, the "new" plan (December, 1982)
permits distribution of no more than 1@% of the volume of oil in
the SPR released in any month to any specified buyer or class of
buyers.

There have been a variety of suggestions of how emergency sales
should be made from the SPR; the DOE staff has evaluated many of
these ideas. One of the more prominent schemes has been to sell
SPR futures, for deliveries to be available when emergency
conditions have been pronounced. this proposal suggests that
possession of future rights may permit potential users to delay
delivery until they actually need the stock, thereby cutting down
the likelihood of panic or premature deliveries. Some comment
that such a provision could either. delay a crisis or eliminate
small ones. Future delivery rights would be sold and resold on
the market like any other commodity holdings. One of the
disadvantages of the scheme is that, if sales are made at times
of market tranquility, the Government would suffer through lower
sales prices. Since much of the SPR was bought before OPEC
lowered its price to $2®/biil, the Government would stand a stiff
loss by selling futures today.

A desire to maximize Government profit through SPR sales is
almost self-defeating. If, to protect its cost or to seek a
profit for the federal budget, the Government delays SPR sales
until oil prices rise substantially, the economy may suffer
seriously before the SPR can adequately stem the price rise. The
result could be another round of inflation, recession and
unemployment.

These matters are unlikely to be debated in the current session
of congress because of higher priority matters, including the
hope of reaching a resolution on natural gas. In the next
session of the congress, and during budget hearings by various
committees, they are certain to be surfaced and examined. Today
we are operating under the very simple policy of free market
forces, during an emergency as well as during normal business
conditions. It is probable that this simplicity will be modified
by future legislative action.

The aviation community probably cannot anticipate what the
outcome of these future debates will be, or whether the outcome
will be beneficial or detrimental to aviation.

The 1983 National Emerqy Policy Plan - NEBRR-1983

National Energy Policy

The essence of NEFAR-1983 is to provide, ". ..&n adequate supply of
energy at reasonable costs..." This requires "...a flexible
energy system that avoids undue dependence on any single source
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solar eppxgshy conservation technologies, enhanced recovery
techniques, magnetic fusion, breeder technology, and synthetic
fuels are useful precursors to commercialization of new fuels and
technologies needed to foster a balanced and mixed energy
resource system over the long term.”

(3) “Federal programs that focus directly on our preparedness for
an energy emergency include the development and continued
expansion of the Strategic Petroleum Reserve (SPR) and
maintenance of the Naval Petroleum Reserve (NPR) .™

“Domestic energy security is enhanced by a range of other federal
energy programs, including oil price deregulation; regulatory
reform efforts in natural gas pricing and nuclear licensing;
leasing programs for federal lands and the Outer Continental
Shelf; enhanced energy trade; and expanded research and

development, including cooperative international research
efforts.”

“Two current legislative initiatives are particularly important-”
“The first...is removal of controls on natural gas wsllhead
prices. Earlier this year, the administration proposed the
Natural Gas Consumer Regulatory Reform Ammeentweerts of 19SB3.™

“The second legislative initiative.. .is. ..t® reform the nuclear
licensing and regulatory process.”

NEPP-1983 Comments on Energy Sources:

", .decontrol of all natural gas prices at the wellhead by a
certain date is critically important to achieving a decrease in
natural gas prices after legislation is enacted and to
maintaining gas prices at a level that is lower than would result
from continued government controls.”

“Technologies that convert renewable resources into usable forms
of energy, such as active and passive solar heating and cooling;
piivakoredtaics; wind, biomass, and ocean thermal conversion; and
geothermal energy systems afffer a vast potential source of energy
supply.. . For many renewable technologies, however, advances still
must be made before economically viable systems will be available
to produce energy in major direct thermal applications and bulk
(?Iecltricity supply or to meet requirements for liquid and gaseous
uels.®”

On  magnetic fusion, “Before it will ., have any practical
application, however, numerous technical and basic scientific
uncertainties that are being addressed by federal research must
be overcome.”

“In the case of oil and gas, 1long-term production from
conventional sources is likely to decline, certainly within the
next century. In the case of coal, the known U.S. resource
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base--the world’'s largest known reserves--will be adequate for
several centuries at current and projected rates of demand.”

"By some criteria, federal support for synthetic fuels
development also may seem to be an anomaly of current energy
policy.” Changes in world energy outlook are noted; in the long
run, synthetic liquids and gases may become more economic than
natural oil and gas. DOE continues R&D in synthetics, but the
Synthetic Fuels Corporation supports "..tth®e most promising
synthetic fuels technologies using a number of economic
incentives.”

“Since other end-use fuel demand is projected to increase at less
than the rate of GNP growth, the electricity share of final
energy consumption is projected to increase during the remainder
of this century.”

Enerqgy Seeouitit iy NEFR-1983

"No aspect of the federal role in energy is more critical to our
national security interests than programs in the area of energy
security.” Federal activity includes the SPR, the NPR, emergency
preparedness, nuclear non-proliferation agreements, international
trade and cooperation.

“In the event of a supply disruption, the United States will
fulfill its international obligations and rely on unrestricted
energy markets to distribute supplies domestically, including
supplies drawn down from the SPR. Markets are far superior to
any alternative  way of allocating oil during Supply
dlisruptioms..thee U.S. approach is to rely on market forces at
home and abroad and thereby demonstrate to others in our
international energy relations that this strategy is in their and
our mutual long-term interests.”

“Although the primary threat to the collective security of the
United States, Western Europe, and Japan remains our continued
vulnerability to oil supply disruptions, there have been a number
of changes in the world energy situation since the oil supply
disruptions of the 1970s that have strengthened significantly
free-world energy security.”

“The overriding concern of our allies to reduce their dependence
on imported oil has led to a growing reliance on natural gas from
the Soviet Union, a new source of vulnerability and concern to
our collective energy security.”

NEFRR-1983 on Energy Trade and Transportation

“Continued free-world economic recovery will lead to long-term
growth in total energy demand. Energy demand growth, coupled
with the fact that the world’'s energy resources and technological
capabilities are not distributed evenly, will lead to the
increasing importance of energy trade and related energy
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Iran-lrag war ends.

With an expanding world economy, between 1986 and 199@, demand
for OPEC oil should reach 24 to 26 million BPD, pressuring prices
upward . By 199®, the price of oil in 1982 dollars should be
between $25 and $4#®, about the same in real dollars as before the
decline from $34 in 1982. “Beyond 199®, world oil prices are
extremely uncertain and speculative, but are projected in real
terms to reach between $36 and $8@ per barrel by the year 2000
and between $55 and $11@ per barrel by 2000." Unpredictable
events or technological changes could . ..render current
projections of dubious value.”

“One conditioning factor influencing the projected range of price
increases during the 199@ to 201@ time period is the assumption
that the cost of unconventional oil sources such as shale oil and
coal liquids will be in the $50- to $BD-per-barrel range (1982

dollars) as opposed, for example, to the $3% to $S0-p=r-bamrel
range assumed by NEPP1BIRQ."
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